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FIG.3

Lead frame Thermosetting resin composition
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CURABLE RESIN COMPOSITION, CURABLE
RESIN COMPOSITION TABLET, MOLDED
BODY, SEMICONDUCTOR PACKAGE,
SEMICONDUCTOR COMPONENT AND
LIGHT EMITTING DIODE

TECHNICAL FIELD

The present invention relates to a curable resin composi-
tion, a curable resin composition tablet, a molded article, a
semiconductor package, a semiconductor component, and a
light-emitting diode.

BACKGROUND ART

Various shapes of packages containing curable resins have
been conventionally used in semiconductors. Such packages
contain various metallic materials, which are often integrally
molded with the curable resins, for the purposes such as
electrically connecting the semiconductors to the outside of
the packages, maintaining the strength of the packages, or
conducting heat generated from the semiconductors to the
outside of the packages.

However, resin generally has a large linear expansion coef-
ficient which is not likely to be matched to the linear expan-
sion coefficient of metallic materials that is generally small.
For this reason, some problems, such as warpage, peeling,
cracking, and damage to semiconductors, may occur during
heat-molding, post-curing, or various processes involving
heating and cooling when used as semiconductor compo-
nents.

Regarding particularly to warpage caused by mismatch of
the linear expansion coefficients, a method of molding a
curable resin evenly on both sides of a metal has been
employed to reduce the warpage.

However, since, in these days, increase in the amount of
heat generated from semiconductors has required a design
that is excellent in heat dissipation, package designs have
been introduced in which a metal to be bonded to a semicon-
ductor element forms a bottom of the package in order to
efficiently conduct heat outside the package (Patent Litera-
tures 1 and 2).

In this case, warpage cannot be reduced by the above
method, and thus solving the warpage problem is an impor-
tant issue.

Some improvement of resin in terms of reduction of
warpage has been achieved by lowering the linear expansion
of resin to be closer to the linear expansion of a metal with
which the resin is integrally molded, or by using a resin
having a lower elastic modulus.

However, since addition of a large amount of inorganic
filler in order to lower the linear expansion reduces the fluid-
ity of resin during molding, and thereby deteriorates the
molding processability, such a technique has a limitation.
Moreover, a lower elastic modulus corresponds to a reduced
strength of resin, leading to loss of the primary function of
packages, that is, protection of the semiconductor element.

For the above reasons, curable resins capable of reducing
warpage in semiconductor packages have been demanded.

Meanwhile, due to the increase in heat (also light in the
case where semiconductors are light-emitting diodes) gener-
ated from semiconductors, resins for semiconductor pack-
ages have been demanded to have higher thermal resistance
(light resistance). In response to such demand, some resins
which have high thermal resistance and are cured by hydrosi-

10

15

20

25

30

40

45

50

55

60

65

2

lylation reaction have been employed as resins for semicon-
ductor packages (Patent Literatures 1 and 3).

CITATION LIST

Patent Literature 1: JP-A 2010-62272
Patent Literature 2: JP-A 2009-302241
Patent Literature 3: JP-A 2005-146191

SUMMARY OF INVENTION
Technical Problem

In this context, the present invention aims to provide a
curable resin composition which gives a cured product having
a low linear expansion coefficient. The present invention also
aims to provide a semiconductor package which is formed by
integrally molding the curable resin composition and a metal,
and has reduced warpage, and also to provide a semiconduc-
tor produced by using the semiconductor package.

Solution to Problem

The present inventors have made intensive studies to solve
the above problems. As a result, they have found that a curable
resin composition containing, as essential components, (A)
an organic compound having at least two carbon-carbon
double bonds reactive with SiH groups per molecule, (B) a
compound containing at least two SiH groups per molecule,
(C) a hydrosilylation catalyst, (D) a silicone compound hav-
ing at least one carbon-carbon double bond reactive with a
SiH group per molecule, and (E) an inorganic filler can solve
the above problems, thereby completing the present inven-
tion.

Namely, the present invention relates to the following fea-
tures:

(1) a curable resin composition containing, as essential
components,

(A) an organic compound having at least two carbon-car-
bon double bonds reactive with SiH groups per molecule,

(B) a compound containing at least two SiH groups per
molecule,

(C) a hydrosilylation catalyst,

(D) asilicone compound having at least one carbon-carbon
double bond reactive with a SiH group per molecule, and

(E) an inorganic filler;

(2) the curable resin composition according to the above
(1), wherein the component (D) is a linear polysiloxane con-
taining a vinyl group at a terminal thereof;

(3) the curable resin composition according to the above
(1) or (2), wherein the component (D) has a weight average
molecular weight of at least 1,000 but not more than 1,000,
000;

(4) the curable resin composition according to any one of
the above (1) to (3), wherein the component (E) is spherical
silica;

(5) the curable resin composition according to any one of
the above (1) to (4), further containing (F) a white pigment;

(6) the curable resin composition according to the above
(5), wherein the component (F) has an average particle size of
1.0 um or less;

(7) the curable resin composition according to the above
(5) or (6), wherein the component (F) is titanium oxide;

(8) the curable resin composition according to the above
(7), wherein the component (F) is titanium oxide that is sur-
face-treated with an organosiloxane;
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(9) the curable resin composition according to the above
(7), wherein the component (F) is titanium oxide that is sur-
face-treated with an inorganic compound;

(10) the curable resin composition according to the above
(9), wherein the component (F) is surface-treated with an
aluminum compound;

(11) the curable resin composition according to the above
(5) or (6), wherein the component (F) is at least one selected
from the group consisting of zinc oxide, zirconium oxide,
strontium oxide, niobium oxide, boron nitride, barium titan-
ate, and barium sulfate;

(12) the curable resin composition according to any one of
the above (1) to (11), further containing (G) a metal soap;

(13) the curable resin composition according to the above
(12), wherein the component (G) is a metal stearate;

(14) the curable resin composition according to the above
(13), wherein the component (G) is at least one selected from
the group consisting of calcium stearate, magnesium stearate,
zinc stearate, and aluminum stearate;

(15) the curable resin composition according to any one of
the above (1) to (14), wherein the component (D) is contained
in an amount of 30% by weight or more of the total weight of
the component (A) and the component (B);

(16) the curable resin composition according to any one of
the above (1) to (15), wherein the component (E) is contained
in a total amount of 70% by weight or more of the whole
curable resin composition;

(17) the curable resin composition according to any one of
the above (5) to (16), wherein the component (F) is contained
in an amount of 10% by weight or more of the whole curable
resin composition;

(18) the curable resin composition according to any one of
the above (12) to (17), wherein the component (G) is con-
tained in an amount of 0.01% to 5% by weight of the whole
curable resin composition;

(19) the curable resin composition according to any one of
the above (1) to (18), wherein a cured product of the curable
resin composition has a spectral reflectance of 8OR % or more
at420 nm, 440 nm, and 460 nm, and has a spectral reflectance
retention rate ([spectral reflectance after thermal resistance
test]/[initial spectral reflectance]x100) of 90% or more after a
thermal resistance test at a temperature of 180° C. for 72
hours;

(20) the curable resin composition according to any one of
the above (1) to (19), wherein a surface of a molded article
formed by curing the curable resin composition has a light
reflectance at a wavelength of 470 nm of 90% or more;

(21) the curable resin composition according to any one of
the above (1) to (20), wherein when the curable resin com-
position is molded on one surface of a lead frame for light-
emitting diodes to form a package, a warpage of the package
is at most £1.0 mm;

(22) the curable resin composition according to any one of
the above (1) to (21), for use in a semiconductor package;

(23) a curable resin composition tablet including the cur-
able resin composition according to any one of the above (1)
to (22) that contains (F) a white pigment as an essential
component, wherein at least one of the component (A) and the
component (B) is aliquid having a viscosity of at most 50 Pa-s
at a temperature of 23° C.,

the component (E) and the component (F) are contained in
a total amount of 70% to 95% by weight, and

particles having a size of 12 um or less account for 40% by
volume or more of the total of the component (E) and the
component (F);

(24) a molded article formed by curing the curable resin
composition according to any one of the above (1) to (21),
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wherein a surface of the molded article has a light reflectance
at a wavelength of 470 nm of 90% or more;

(25) a semiconductor package formed by molding the cur-
able resin composition according to the above (22);

(26) a semiconductor package formed by integrally mold-
ing the curable resin composition according to the above (22)
and a metal;

(27) the semiconductor package according to the above
(25) or (26), wherein the curable resin composition and a lead
frame are integrally molded by transfer molding;

(28) the semiconductor package according to any one of
the above (25) to (27), wherein the semiconductor package
substantially includes a metal and a resin formed on one
surface of the metal;

(29) a semiconductor package formed by transfer molding
the curable resin composition according to the above (22);

(30) a semiconductor component produced by using the
semiconductor package according to any one of the above
(25) t0 (29); and

(31) alight-emitting diode produced by using the semicon-
ductor package according to any one of the above (25)to (29).

Advantageous Effects of Invention

The curable resin composition of the present invention
provides a curable resin composition which gives a cured
product having a low linear expansion coefficient. Therefore,
provided are a semiconductor package which is produced by
integrally molding the curable resin composition and a metal
and has reduced warpage, and a semiconductor produced by
using the semiconductor package.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing initial reflectances at various
wavelengths.

FIG. 2 is a diagram showing reflectances at various wave-
lengths after a thermal resistance test.

FIG. 3 is a conceptual diagram of a molded article.

FIG. 4 is a schematic diagram showing a method of mea-
suring the strength.

DESCRIPTION OF EMBODIMENTS

Hereinafter, the present invention will be described in
detail.

The curable resin composition of the present invention
contains, as essential components,

(A) an organic compound having at least two carbon-car-
bon double bonds reactive with SiH groups per molecule,

(B) a compound containing at least two SiH groups per
molecule,

(C) a hydrosilylation catalyst,

(D) asilicone compound having at least one carbon-carbon
double bond reactive with a SiH group per molecule, and

(E) an inorganic filler.

The components are explained below.

(Component (A))

The component (A) is not particularly limited, as long as it
is an organic compound having at least two carbon-carbon
double bonds reactive with SiH groups per molecule.
(Skeleton of Component (A))

Preferably, the organic compound is not a compound con-
taining a siloxane unit (Si—O—Si) such as polysiloxane-
organic block copolymers and polysiloxane-organic graft
copolymers, and does not contain elements other than C, H,
N, O, S, and halogens as constituent elements.
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Compounds containing a siloxane unit disadvantageously
tend to lead to low adhesion of the semiconductor package to
a lead frame or a sealing resin.

Organic compounds as the component (A) are classified
into organic polymeric compounds and organic monomeric
compounds.

(Examples of Polymeric Component (A))

Examples of the component (A) which is an organic poly-
mer include organic polymeric compounds having a poly-
ether skeleton, a polyester skeleton, a polyarylate skeleton, a
polycarbonate skeleton, a saturated hydrocarbon skeleton, a
unsaturated hydrocarbon skeleton, a polyacrylic acid ester
skeleton, a polyamide skeleton, a phenol-formaldehyde (phe-
nol resin) skeleton, and a polyimide skeleton.

Specifically, examples of the polyether polymer include
polyoxyethylene, polyoxypropylene, polyoxytetramethyl-
ene, and polyoxyethylene-polyoxypropylene copolymers.
More specific examples thereof include compounds repre-
sented by the following formula:

—O0—R'550—R*35H—0—

wherein R' and R? each represent a C1 to C6 bivalent organic
group not containing elements other than C, H, N, O, S, and
halogens as constituent elements; and n, m, and 1 each repre-
sent a number of 1 to 300.

Examples of other polymers include polyester polymers
obtained by condensation of a dibasic acid such as adipic
acid, phthalic acid, isophthalic acid, terephthalic acid, and
hexahydrophthalic acid, and a glycol such as ethylene glycol,
diethylene glycol, propylene glycol, tetramethylene glycol,
and neopentyl glycol, or by ring-opening polymerization of
lactones; ethylene-propylene copolymers, polyisobutylene,
copolymers of isobutylene and isoprene or the like, polychlo-
roprene, polyisoprene, copolymers of isoprene and butadi-
ene, acrylonitrile, styrene or the like, polybutadiene, copoly-
mers of butadiene and styrene, acrylonitrile or the like,
polyisoprene, polybutadiene, polyolefin polymers (saturated
hydrocarbon polymers) obtained by hydrogenation of
copolymers of isoprene or butadiene and acrylonitrile, sty-
rene or the like; polyacrylic acid esters obtained by radical
polymerization of monomers such as ethyl acrylate and butyl
acrylate; acrylic acid ester copolymers of an acrylic acid ester
such as ethyl acrylate and butyl acrylate and vinyl acetate,
acrylonitrile, methyl metacrylate, styrene or the like; graft
polymers obtained by polymerization of vinyl monomers in
the presence of the above organic polymers; polysulfide poly-
mers, polyamide polymers such as nylon 6 produced by ring-
opening polymerization of e-aminocaprolactam, nylon 66
produced by polycondensation of hexamethylenediamine
and adipic acid, nylon 610 produced by polycondensation of
hexamethylenediamine and sebacic acid, nylon 11 produced
by polycondensation of e-aminoundecanoic acid, nylon 12
produced by ring-opening polymerization of e-aminolauro-
lactam, and copolymer nylons derived from two or more
kinds of the aforementioned nylons; polycarbonate polymers
produced by, for example, polycondensation of bisphenol A
and carbonyl chloride; diallyl phthalate polymers; and poly-
mers having a phenol-formaldehyde (phenol resin) skeleton
such as novolac phenol resin, resol phenol resin, ammonia-
resol phenol resin, and benzylic ether phenol resin.

The component (A) can be prepared by introducing an
alkenyl group having a carbon-carbon double bond into any
of the polymer skeletons.
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In this case, the alkenyl group having a carbon-carbon
double bond may be located at any part of the molecule but is
preferably located at a side chain or at a terminal in view of
reactivity.

Various proposed methods may be employed for introduc-
ing an alkenyl group into the polymer skeleton. Such methods
are classified roughly into methods of introducing an alkenyl
group after polymerization and methods of introducing an
alkenyl group during polymerization.

For example, the methods of introducing an alkenyl group
after polymerization include allowing an organic polymer
containing a functional group such as a hydroxyl group, an
alkoxide group, a carboxyl group, and an epoxy group at a
terminal, a main chain, or aside chain to react with an organic
compound containing both an active group reactive with the
functional group and an alkenyl group so that the alkenyl
group is introduced into the terminal, main chain, or side
chain. Examples of the organic compound having both an
active group reactive with the functional group and an alkenyl
group include C3-C20 unsaturated fatty acids, acid halides,
acid anhydrides and the like, such as acrylic acid, methacrylic
acid, vinyl acetate, acrylic acid chloride, and acrylic acid
bromide; C3-C20 unsaturated aliphatic alcohol-substituted
carbonic acid halides such as allyl chloroformate
(CH,—CHCH,OCOCI) and  allyl bromoformate
(CH,—CHCH,OCOBE¥); allyl chloride, allyl bromide, vinyl
(chloromethyl)benzene, allyl(chloromethyl)benzene, allyl
(bromomethyl)benzene, allyl(chloromethyl)ether, allyl
(chloromethoxy)benzene, 1-butenyl(chloromethyl)ether,
1-hexenyl(chloromethoxy)benzene, allyloxy(chloromethyl)
benzene, and allyl isocyanate.

Moreover, a method of introducing an alkenyl group by
transesterification may be employed. This method includes
transesterifying an alcohol residue in an ester moiety of a
polyester resin or acrylic resin with an alkenyl-containing
alcohol or an alkenyl-containing phenol derivative in the
presence of a transesterification catalyst. The alkenyl-con-
taining alcohol or alkenyl-containing phenol derivative to be
used for transesterification of the alcohol residue is not lim-
ited as long as it is an alcohol or phenol derivative that has at
least one alkenyl group and at least one hydroxyl group,
preferably one hydroxyl group. Although the catalyst is not
necessarily used, titanium catalysts and tin catalysts are pre-
ferred.

Examples of such a compound include vinyl alcohol, allyl
alcohol, 3-buten-1-ol, 4-penten-1-ol, 5-hexen-1-ol, 6-hepten-
1-0l, 7-octen-1-0l, 8-nonen-1-o0l, 9-decen-1-o0l, 2-(allyloxy)
ethanol, neopentyl glycol monoallyl ether, glycerol diallyl
ether, trimethylol propane triallyl ether, trimethylol ethane
triallyl ether, pentaerythritol tetraallyl ether, 1,2,6-hexan-
etriol triallyl ether, sorbitan triallyl ether, and compounds
represented by the following formulae:

HO@—CHZCH=CHZ,

CILCH=CH, CH,==CHCH,

HO HO
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-continued

CH,==CHCH, OCH;,

HO

X

CH,CH=CH,,

HO OCH;

<

OCH;  CH,CH=CH,,

HO

X

CH,==CHCH,

HO OCH;,

<

CH,CH==CH,,

HO

Q.

OCH;

HO CH,CH==CH,,

<>

CH,=—=CHCH, CH,=—=CHCH,

HO HO

0
o8

O ,
CH,CH=CH,,

OCH;,

5

OCH;
OCH;

HO CH,CH==CH,

<

and the like. In view of easy availability, among the above
examples, allyl alcohol, vinyl alcohol, 3-buten-1-o0l, 2-(ally-
loxy)ethanol, and compounds represented by the following
formulae:

HO CH,CH=CH,,

.

CH,CH=CH,, CH,=—=CHCH,

HO HO

gl

are preferred.
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Moreover, another method of introducing an alkenyl group
may be mentioned in which an ester moiety of a polyester
resin or acrylic resin is transesterified with an esterified prod-
uct (e.g. an acetic acid ester) of the above alcohol or phenol
derivative in the presence of a transesterification catalyst,
while a generated low molecular weight esterified product
(e.g. an acetic acid ester) of the alcohol residue in the ester
moiety of the polyester resin or acrylic resin is removed
outside the system by vacuum distillation or the like.

Furthermore, it is also possible to introduce an alkenyl
group into the terminal by a method including living poly-
merization of methyl (meth)acrylate or the like and subse-
quent termination of the living terminal with a compound
containing an alkenyl group.

Examples of the method of introducing an alkenyl group
during polymerization include, in the case of producing an
organic polymer skeleton of the component (A) used in the
present invention by radical polymerization, introduction of
an alkenyl group into a side chain or a terminal of the organic
polymer skeleton by using a vinyl monomer that contains an
alkenyl group having low radical reactivity in the molecule,
such as allyl methacrylate and allyl acrylate, or aradical chain
transfer agent that contains an alkenyl group having low
radical reactivity, such as allyl mercaptan.

The component (A) preferably has any molecular weight in
the range of 100 to 100,000 although the molecular weight is
not particularly limited. In the case where the component (A)
is an organic polymer containing an alkenyl group, the
molecular weight is particularly preferably in the range of
500 to 20,000. The molecular weight of 500 or less is less
likely to lead to characteristics resulting from the use of an
organic polymer, such as imparting of flexibility. The molecu-
lar weight of 100,000 or more is less likely to lead to an effect
of crosslinking by a reaction between an alkenyl group and a
SiH group.

(Examples of Monomeric Component (A))

Examples of the component (A) which is an organic mono-
mer include phenol compounds, bisphenol compounds, aro-
matic hydrocarbon compounds such as benzene and naphtha-
lene; aliphatic hydrocarbon compounds (e.g. linear, alicyclic
compounds); heterocyclic compounds; and mixtures thereof.
(Carbon-Carbon Double Bond in Component (A))

The bonding sites of the carbon-carbon double bonds reac-
tive with SiH groups are not particularly limited, and may be
located at any part of the molecule.

The carbon-carbon double bonds reactive with SiH groups
in the component (A) are not particularly limited, and groups
represented by the following formula (I):

@
Rl

CH,=—C—
(wherein R" represents a hydrogen atom or a methyl group)

are preferred in view of reactivity. In view of easy availability
of materials, groups represented by the following formula:

H

CH,=—C—

are particularly preferred.
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Preferred examples of the carbon-carbon double bonds
reactive with SiH groups in the component (A) include ali-
cyclic groups represented by the following formula (I):

R (IT)
N
C
Il

C
P!

(wherein R? represents a hydrogen atom or a methyl group) in
terms of high thermal resistance of the cured product. More-
over, in view of easy availability of materials, alicyclic groups
represented by the following formula:

H
\ﬁ/

C
/\H

are particularly preferred.
(Bonding Group Between Carbon-Carbon Double Bond and
Skeleton in Component (A))

The carbon-carbon double bonds reactive with SiH groups
may be directly bonded to a skeletal portion of the component
(A), or may be covalently bonded thereto via a bivalent or
higher valent substituent. The bivalent or higher valent sub-
stituent is not particularly limited as long as the substituent
has a carbon number of 0 to 10. Preferably, the substituent
does not contain elements other than C, H, N, O, S, and
halogens as constituent elements. As examples of such a
substituent, those represented by the following formulae:

> — > —Q0—C—>
O
| [
—0—C—0——> —C—N—>
O
I u Il
—0—C—N—> —§—) —5—0
I
O
CH; TH3
—C— —C— —< )—o0—
" |
CH;
&
—T— —CH—
CF; (n is a number of 1 to 10.),
H
4@‘*%%_ [ >CV IS
CH, | CH,
| _cu | _-
(n is a number of 0 to 4.), % %

n

(7 is a number of 0 to 4.)

may be mentioned. Moreover, two or more of these bivalent
or higher valent substituents may be covalently bonded to
form one bivalent or higher valent substituent.

As the group to be covalently bonded to the skeletal portion
mentioned above, specifically, a vinyl group, allyl group,
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methallyl group, acryl group, methacryl group, 2-hydroxy-3-
(allyloxy)propyl group, 2-allylphenyl group, 3-allylphenyl
group, 4-allylphenyl group, 2-(allyloxy)phenyl group, 3-(al-
lyloxy)phenyl group, 4-(allyloxy)phenyl group, 2-(allyloxy)
ethyl group, 2,2-bis(allyloxymethyl)butyl group, 3-allyloxy-
2,2-bis(allyloxymethyl)propyl  group, and  groups
represented by the following formulae:

—+CH—CH, — 03— CH,—CH=CH,,

(n is a number satisfying S = n = 2.)

4©7R4©70_CH2_CH=CHZ

(R is a bivalent group selected from ——Q——, —CH,—,

CH; CF;3 o
I

—C—, —C—, —s5—).

CF; (ll

(7 is a number of 0 to 4.)

may be mentioned.
(Specific Examples of Component (A))

Specific examples of the organic polymeric component (A)
include 1,2-polybutadiene (with a 1,2 ratio of 10% to 100%,
preferably of 50% to 1000), allyl ether of novolac phenol,
allylated polyphenylene oxide, and those represented by the
following formulae:

HZC=?—X—[—(—O—R2-)7(-O—R3-)7]1—O—Y—?=CH2

R! R!

wherein represents H or CH,; R? and R? each represent a C1
to C6 bivalent organic group not containing elements other
than C, H, N, O, S, and halogens as constituent elements; X

andY each represent a CO to C10 bivalent substituent; and n,
m, and 1 each represent a number of 1 to 300,

o
H2C=?—X O0—C—R*—C—0—R’—0+ Y—?:CHZ

R! R!
wherein R! represents H or CH,; R* and R’ each represent a
C1 to C6 bivalent organic group; X andY each represent a CO
to C10 bivalent substituent; and n, m, and 1 each represent a
number of 1 to 300,

H2C=?—X—[—(—R5-)n—(—R7-)m—]I—Y—?=CH2

R! R!

wherein R! represents H or CH,; R% and R” each represent a
C1 to C20 bivalent organic group; X and Y each represent a

CO0to C10bivalent substituent; and n, m, and 1 each represent
a number of 1 to 300,



wherein R' represents H or CH,; R'°, R'!, and R*? e
represent a C1 to C6 bivalent organic group; X and Y each
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represent a CO to C10 bivalent substituent; and n, m, 1, and p

\K each represent a number of 1 to 300.
Specific examples of the organic monomeric component
5 (A) include diallyl phthalate, triallyl trimellitate, diethylene
glycol bisallyl carbonate, trimethylolpropane diallyl ether,
pentaerythritol triallyl ether,

1,1,2,2-tetraallyloxyethane,
diallylidenepentaerythritol, triallyl cyanurate, triallyl isocya-
10 nurate, 1,2,4-trivinylcyclohexane, divinylbenzenes (with a

represent a CO to C10 bivalent substituent; and n, m, and 1 purity of 50 to 100%, preferably of 80 to 100%), divinylbi-
each represent a number of 1 to 300, phenyl, 1,3-diisopropenyibenzene, 1,4-diisopropenylben-

wherein R' represents H or CH,; R'°, R'', and R'? each zene, and oligomers thereof, and compounds represented by
represent a C1 to C6 bivalent organic group; X and Y each the following formulae:

O S

oS

O
I

(R is a bivalent group selected from —0—, —CH,— —T— s —T— s —ﬁ—)
CH; CF, 0

TN

(n=1)

OO OO
NN Q O N SN, N

>
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-continued

O O
OO OO
\/\O Q O O/\/ \/\O

0

\/\O < > < > O/\/
\/\O < ; < > O/\/

>

>

O O/\/ \/\O

>

>

>

OO
OO0

Moreover, compounds obtained by allyl group substitution
forpart or all of glycidyl groups in known epoxy resin, and the
like may also be mentioned.

Also usable as the component (A) are low molecular
weight compounds which are difficult to express dividedly in
terms of the skeletal portion and alkenyl groups as described
above. Specific examples of the low molecular weight com-
pounds include aliphatic acyclic polyene compounds such as
butadiene, isoprene, octadiene and decadiene; alicyclic poly-
ene compounds such as cyclopentadiene, cyclohexadiene,
cyclooctadiene, dicyclopentadiene, tricyclopentadiene and
norbornadiene; substituted alicyclic olefin compounds such
as vinylcyclopentene and vinylcyclohexene, and the like.

(Preferred Requirements for Component (A))

In view of the possibility of further improvement in ther-
mal resistance, the component (A) preferably has carbon-
carbon double bonds reactive with SiH groups in an amount

50

55

60

65

>

>

< > O/\/
< > O/\/

of'not less than 0.001 mol, more preferably not less than 0.005
mol, and still more preferably not less than 0.008 mol, per
gram of the component (A).

The number of carbon-carbon double bonds reactive with
SiH groups in the component (A) is not limited as long as the
number is at least two per molecule on average. For achieving
further improvement in mechanical strength, the number is
preferably more than two, and more preferably not less than
three. If the number of carbon-carbon double bonds reactive
with SiH groups in the component (A) is one or less per
molecule, the component (A), after the reaction with the
component (B), only gives a graft structure and fails to give a
crosslinked structure.

In view of good reactivity, the component (A) preferably
contains at least one vinyl group, and more preferably at least
two vinyl groups, per molecule. It preferably contains at most
six vinyl groups, and more preferably at most four vinyl
groups, per molecule because the storage stability then tends
to be better.
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In view of high mechanical thermal resistance, of less
stringiness, good moldability and handleability of the mate-
rial liquid, of easy homogeneous mixing with powders such
as the component (E) and the component (F), and of good
moldability in the form of curable resin composition tablets,
the component (A) preferably has a molecular weight of less
than 900, more preferably less than 700, and still more pref-
erably less than 500.

In order to achieve homogeneous mixing with other com-
ponents and good workability, the component (A) preferably
has a viscosity of lower than 1000 poise, more preferably
lower than 300 poise, and still more preferably lower than 30
poise, at a temperature of 23° C. The viscosity can be deter-
mined using an E-type viscometer.

In view of higher light resistance, the component (A) is
preferably low in the amount of compounds containing a
phenolic hydroxyl group and/or a derivative of a phenolic
hydroxyl group, and is more preferably free from compounds
containing a phenolic hydroxyl group and/or a derivative of a
phenolic hydroxyl group. The term “phenolic hydroxyl
group” herein means a hydroxyl group directly bound to an
aromatic hydrocarbon nucleus such as, for example, a ben-
zene ring, a naphthalene ring or an anthracene ring. The term
“derivative of a phenolic hydroxyl group” means a group
resulting from substitution of the hydrogen atom of the phe-
nolic hydroxyl group with an alkyl group (e.g. a methyl
group, an ethyl group), an alkenyl group (e.g. a vinyl group,
an allyl group), an acyl group (e.g. an acetoxy group), or the
like.

In view of particularly good light resistance, the weight
ratio of aromatic rings in the component (A) is preferably not
more than 50% by weight, more preferably not more than
40% by weight, and still more preferably not more than 30%
by weight. Most preferably, the component (A) does not
contain any aromatic hydrocarbon ring.

In view of less coloring and high light resistance of a cured
product to be obtained, the component (A) is preferably
vinylcyclohexene, dicyclopentadiene, vinyl norbornene, tri-
allyl isocyanurate, diallyl ether of 2,2-bis(4-hydroxycyclo-
hexyl)propane, or 1,2,4-trivinylcyclohexane, and is particu-
larly preferably triallyl isocyanurate, diallyl ether of 2,2-bis
(4-hydroxycyclohexyl)propane, or 1,2,4-
trivinylcyclohexane.

(Preferred Structure 1 of Component (A))

In view of particularly high thermal resistance and light
resistance, the component (A) is preferably a compound rep-
resented by the following formula (I1I):

(1)
Rl

OYN\(O
N N
Rl/ \[( ~ Rl
(@]

wherein R's each represent a monovalent organic group con-
taining 1 to 50 carbon atoms, and they may be the same or
different from one another.

In view of higher thermal resistance of a cured product to
be obtained, R's in the formula (III) each are preferably a
monovalent organic group containing 1 to 20 carbon atoms,
more preferably a monovalent organic group containing 1 to
10 carbon atoms, and still more preferably a monovalent
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organic group containing 1 to 4 carbon atoms. As preferred
examples of these R's, a methyl group, ethyl group, propyl
group, butyl group, phenyl group, benzyl group, phenethyl
group, vinyl group, allyl group, glycidyl group, and groups of
the following formulae:

—¢CH,%—~CH;3 (n is a number of 4 to 19.),
—tCH,5-CH=CH, (nisanumberof?2to 18.),
(@]

—C—¢CH,3—CH=CH,
0

(# is a number of 0 to 17.),

—C—CH,%;~CH;
CH;

(7 is a number of 0 to 19.),
CHj3

—CH,—CH=CH,, —C—CH=CI,,

I
—C—0—CH,—CH=CH,, ,
O [
/\

|

—CH,—CH—CH,—0—CH,—CH=CI,,
oH

|
—CH,—CH

e}

—C—NH—CH,—CH=C,,
O—CH,—CH=CH,

—CH,—CH—CH,—0—CH,—CH=CH,

and the like are mentioned.

In view of the possibility of good adhesion of the package
to a lead frame or a sealing agent, or of the possibility of high
mechanical strength of the resulting package, at least one of
the three R's is preferably a monovalent C1-C50 organic
group containing at least one epoxy group, and is more pref-
erably a monovalent C1-C50 organic group containing at
least one epoxy group represented by the following formula.

—CH—CH,

Preferred examples of such R's include a glycidyl group,
and groups represented by the following formulae:

0
0
—¢CH—CH——CH,,

(7 is a number of 2 to 18.)

and the like.

In view of the possibility of good heat resistance of a cured
product to be obtained, R's in the formula (III) each are
preferably a monovalent C1-C50 organic group having at
most two oxygen atoms and containing exclusively C, H, and
O as constituent elements, and more preferably a monovalent
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C1-C50 hydrocarbon group. Preferred examples of these R's
include a methyl group, ethyl group, propyl group, butyl
group, phenyl group, benzyl group, phenethyl group, vinyl
group, allyl group, glycidyl group, and groups represented by
the following formulae:

—¢CH,%—CH; (nisanumber of 4 to 49.),
—tCH,5—CH=CH, (nisa number of 2 to48.),
O

——C—¢CH,3—CH=CH,
o}

(n is a number of 0 to 47.),

—C—CHy%~CH; (nis a number of 0 to 49.),
CH3 O CH;

—CH,—CH=CH,, ——C—CH=CH,,

(€]
—ﬂ—O—CHZ—CH=CH2, @,
o} o} ___
Lo 4G
: \ /

OH

——CH,—CH—CH, —0—CH,—CH==CH,,
OH

—CH,—CH

>

0—CH,—CH=CH,

—CH,—CH—CH,—0—CH,—CH=CH,

and the like.

Inview of good reactivity, at least one of the three R's in the
formula (IIT) is preferably a monovalent C1-C50 organic
group containing at least one group represented by the fol-
lowing formula:

CH,

—_C—

and is more preferably a monovalent C1-C50 organic group
containing at least one group represented by the following
formula (IV):

av)
RZ

CH,=—C—
wherein R? represents a hydrogen atom or a methyl group.
Still more preferred are organic compounds in which at least

two of the three R's are represented by the following formula
V)

V)
R4

CH,—C—R*—

(wherein R? represents a direct bond or a bivalent organic
group having 1 to 48 carbon atoms, and R* represents a
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hydrogen atom or a methyl group), a plurality of R's may be
the same or different, and a plurality of R's may be the same
or different.

R? in the formula (V) is a direct bond or a bivalent organic
group having 1 to 48 carbon atoms. In view of higher thermal
resistance of a package to be obtained, the R is preferably a
direct bond or a bivalent organic group having 1 to 20 carbon
atoms, more preferably a direct bond or a bivalent organic
group having 1 to 10 carbon atoms, and still more preferably
a direct bond or a bivalent organic group having 1 to 4 carbon
atoms. Preferred examples of such R? include groups repre-
sented by the following formulae:

I
—CH 37— —C—¢CH 39—
(nis anumber of 1 to 17.)  (# is anumber of 0 to 16.)
[ I
—C—O0—¢CH5—> —C—NH—CHy%—>
(7 is a number of 0 to 16.) (7 is a number of 0 to 16.)
(ﬁ / ' / '
(|)H
—CH,—CH—CH,—0—CH,—>
0—CH,—CH=CH,
—CH,—CH—CH,—O0—CH,—
and the like.
In view of the possibility of good thermal resistance of a
package to be obtained, R? in the formula (V) is preferably a

direct bond, or a bivalent C1-C48 organic group having at
most two oxygen atoms and containing exclusively C, H, and
O as constituent elements. More preferably, the R is a direct
bond, or a bivalent C1-C48 hydrocarbon group. Preferred
examples of such R? include groups represented by the fol-
lowing formulae:

—tCHy 35—
(7 is a number of 1 to 47.)
I
—C—€CHy ¥
(7 is a number of 0 to 46.)
—C—O0—¢CHy—>
(7 is a number of O to 46.)
ﬁ X e
C@ CHZ@
(|)H
—CH,—CH—CH,—O0—CH,— >
0—CH,—CH=CH,
—CH,—CH—CH,—O0—CH,—
and the like.
R*in the formula (V) is a hydrogen atom or a methyl group.

In view of good reactivity, the R* is preferably a hydrogen
atom.



US 9,178,120 B2

19

However, the preferred examples of the organic compound
represented by the formula (I1I) each need to have at least two
carbon-carbon double bonds reactive with SiH groups per
molecule. In view ofthe possibility of further improvement in
thermal resistance, more preferred are organic compounds
having at least three carbon-carbon double bonds reactive
with SiH groups per molecule.

Preferred specific examples of such organic compounds
represented by the formula (III) include triallyl isocyanurate,
and compounds represented by the following formulae:

AT

X
YT
s

NN O\l/ \]/ N
/\/O\)\/N\"/N\)\/O\/\
O

NN OYN\]/O 0 \F
/\/O\)\/N\”/N\)\/O\/\
O

x

Yr
A° \)\/ \”/ “Ne,
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-continued
CH;

X

T

e}

X
)

and the like.
(Preferred Structure 2 of Component (A))

Inview of good compatibility with the component (B), and
of'low volatility of the component (A) leading to less possi-
bility of causing outgassing from a package to be obtained,
reaction products of one or more kinds of compounds
selected from the organic compounds having at least two
carbon-carbon double bonds reactive with SiH groups per
molecule as mentioned as examples of the component (A),
with a compound () containing a SiH group are also pre-
ferred.

(Component (f3))

The component () is a compound containing a SiH group,
and examples thereof include acyclic and/or cyclic polyorga-
nosiloxanes containing a SIR group.

Specific examples thereof include compounds represented
by the following formulae:

CH3 C2H5 TH;
—sl— sl— Ti—CHg,
[ CHy

(1 = 3~1000)
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-continued

cﬁH5 TH;
—sl— sl— Ti—CH3,
/  CHy

(1 = 3~1000)

?H3 ?H3 CH3 C|H3
CH3—Ti—O Ti—O sl— TI—CH3,
CH; H /, CH;

(m = 3~1000, n = 0~1000)

TH; CH3 CH3 C|H3
CHg—Ti—O sl— sl— TI_CH3,
CH; /, ch17 CH;

(m = 3~1000, n = 0~1000)

TH; TH; CH3 C|H3
CHg—Ti—O Ti—O sl— TI_CH3,
CH; H /, cﬁH5 CH;

(m = 3~1000, n = 0~1000)

CH; CH; c CH;

H—Si—O Si—O

CH, i1

Si—H,
CH;p

m

s
(m = 1~1000, = 0~1000)
s

H; ;
i—O
TH3 CH3 CH3 TH3
H—Ti—O Sl_ i—O Si—H,
CH;3 - C3H17 CH;
Hs ;
i—O

(m = 1~1000, = 0~1000)

TH; TH; c
H—Ti—o Ti—O s
CH; H /, cﬁH5

(m = 1~1000, # = 0~1000)

C5H5 TH3
_Sl_ Sl_ Ti—H,
[, CHz

—SI—CH3

i1
(n = 1~1000)

N
—Sl_ Sl_ Tl—H,
CH;3

—SI_CH3

i1
(n = 1~1000)
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-continued

and the like.

Inview of better compatibility with the organic compounds
having at least two carbon-carbon double bonds reactive with
SiH groups per molecule, the component (f) is preferably a
cyclic polyorganosiloxane containing at least three SiH
groups per molecule, represented by the following formula

(VD:

VD

wherein R! represents an organic group having 1 to 6 carbon
atoms, and n represents a number of 3 to 10.

The substituent R* in the compound represented by the
formula (VI) preferably does not contain constituent ele-
ments other than C, H, and O. The R is more preferably a
hydrocarbon group, and still more preferably a methyl group.

In view of easy availability and the like, 1,3,5,7-tetrameth-
ylcyclotetrasiloxane is preferred.

Other examples of the component () include compounds
containing a SiH group, such as bisdimethylsilylbenzene.

The components () as mentioned above may be used
alone, or two or more kinds thereof may be used in admixture.
(Reaction Between Organic Compound Having at Least Two
Carbon-Carbon Double Bonds Reactive with SiH Groups Per
Molecule, and Component (f3))

The following description will discuss a hydrosilylation
reaction between the organic compound having at least two
carbon-carbon double bonds reactive with SiH groups per
molecule and the component () in the case where a com-
pound obtainable by a hydrosilylation reaction between the
organic compound having at least two carbon-carbon double
bonds reactive with SiH groups per molecule and the compo-
nent () used as the component (A) in the present invention.

Here, the hydrosilylation reaction between the organic
compound having at least two carbon-carbon double bonds
reactive with SiH groups per molecule and the component ([3)
may give a mixture of a plurality of compounds including the
component (A) in the present invention. In this case, the
curable resin composition of the present invention can be
prepared by using the mixture as it is without separating the
component (A).

In the case of subjecting the organic compound having at
least two carbon-carbon double bonds reactive with SiH
groups per molecule and the component ([3) to a hydrosilyla-
tion reaction, the mixing ratio of the organic compound hav-
ing at least two carbon-carbon double bonds reactive with
SiH groups per molecule and the component () is not par-
ticularly limited. Because gelation during the reaction can be
suppressed, generally, the total number (X) of carbon-carbon
double bonds reactive with SIR groups in the organic com-
pound having at least two carbon-carbon double bonds reac-
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tive with SiH groups per molecule to be mixed, and the total
number (Y) of SiH groups in the component () to be mixed
preferably satisfy the ratio: X/Y=2, and more preferably sat-
isfy the ratio: X/Y=3. In view of better compatibility between
the component (A) and the component (B), the X and Y
preferably satisfy the ratio: 10x/Y, and more preferably sat-
isfy the ratio: 5x/Y.

In the case of subjecting the organic compound having at
least two carbon-carbon double bonds reactive with SiH
groups per molecule and the component ([3) to a hydrosilyla-
tion reaction, an appropriate catalyst may be used. The fol-
lowing may be used as the catalyst: a simple substance of
platinum; solid platinum supported by a carrier such as alu-
mina, silica, and carbon black; chloroplatinic acid; com-
plexes of chloroplatinic acid with an alcohol, aldehyde,
ketone, or the like; platinum-olefin complexes (e.g.,
Pt(CH,—CH,),(PPh;),, Pt(CH,—CH,),Cl,), platinum-vi-
nylsiloxane complexes (e.g., Pt(ViMe,SiOSiMe,Vi),,
Pt{(MeViSiO),],,), platinum-phosphine complexes (e.g.,
Pt(PPh,),, Pt(PBu,),), platinum-phosphite complexes (e.g.,
Pt{[P(OPh),],, Pt[P(OBu),],) (in those formulae, Me is a
methyl group, Bu is a butyl group, Vi is a vinyl group, Ph is a
phenyl group, and n and m are integers); dicarbonyldichloro-
platinum; Karstedt catalysts; platinum-hydrocarbon com-
plexes described in Ashby’s U.S. Pat. Nos. 3,159,601 and
3,159,662; and platinum alcoholate catalysts described in
Lamoreaux’s U.S. Pat. No. 3,220,972. In addition, platinum
chloride-olefin complexes described in Modic’s U.S. Pat. No.
3,516,946 are also usable in the present invention.

Other examples of the catalyst except platinum compounds
include RhCIl(PPh);, RhCl;, RhAl,O;, RuCl, IrCl;, FeCl;,
AlCl,, PdCL,.2H,0, NiCl,, and TiCl,.

In view of catalytic activity, chloroplatinic acid, platinum-
olefin complexes, platinum-vinylsiloxane complexes, and the
like are preferred among the above examples. These catalysts
may be used alone, or two or more kinds thereof may be used
in combination.

The amount of the catalyst added is not particularly lim-
ited. For achieving sufficient curing and keeping the costs of
the curable resin composition relatively low, the minimum
amount is preferably 10~® mol, and more preferably 1075 mol,
per mol of SiH groups in the component (). The maximum
amount is preferably 10 mol, and more preferably 1072 mol,
per mol of SiH groups in the component ().

A promoter may be used along with the catalyst. Examples
of'the promoter include phosphorus compounds such as triph-
enylphosphine; 1,2-diester compounds such as dimethyl
maleate; acetylene alcohol compounds such as 2-hydroxy-2-
methyl-1-butyne; sulfur compounds such as a simple sub-
stance of sulfur; and amine compounds such as triethylamine.
The amount of the promoter added is not particularly limited,
but the minimum amount is preferably 10~2 mol, and more
preferably 107! mol, and the maximum amount is preferably
10> mol, and more preferably 10 mol, per mol of the hydrosi-
lylation catalyst.

Various methods may be employed for mixing the organic
compound having at least two carbon-carbon double bonds
reactive with SiH groups per molecule, the component (f3),
and the catalyst for reaction. Preferred is a method of prelimi-
narily mixing the organic compound having at least two car-
bon-carbon double bonds reactive with SiH groups per mol-
ecule with the catalyst, and then mixing the mixture with the
component ([3). A method of adding the catalyst to a mixture
of the organic compound having at least two carbon-carbon
double bonds reactive with SIR groups per molecule and the
component () leads to difficulty in controlling the reaction.
In the case of a method of adding the organic compound
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having at least two carbon-carbon double bonds reactive with
SiH groups per molecule to a mixture of the component ()
and the catalyst, the component () may be altered because
the component () can react with existing moisture in the
presence of the catalyst.

Various temperatures may be employed for the reaction.
The lower limit of the temperature range is preferably 30° C.,
and more preferably 50° C., and the upper limit of the tem-
perature range is preferably 200° C., and more preferably
150° C. in the reaction. Low reaction temperatures prolong
the time for sufficient reaction, and high reaction tempera-
tures are not practical. The reaction may be performed at a
constant temperature, or may be performed while the tem-
perature is changed in multiple steps or continuously as
needed.

Various reaction times and various pressures during the
reaction may be employed as needed.

A solvent may be used in the hydrosilylation reaction. The
usable solvent is not particularly limited as long as it does not
inhibit the hydrosilylation reaction. Specifically, suitable
examples of the solvent include hydrocarbon solvents such as
benzene, toluene, hexane, and heptane; ether solvents such as
tetrahydrofuran, 1,4-dioxane, 1,3-dioxolane, and diethyl
ether; ketone solvents such as acetone, and methyl ethyl
ketone; and halogen solvents such as chloroform, methylene
chloride, and 1,2-dichloroethane. A mixed solvent containing
two or more solvents may be used as the solvent. Toluene,
tetrahydrofuran, 1,3-dioxolane, and chloroform are preferred
as the solvent. The amount of the solvent to be used may be
appropriately set.

Various other additives may be used in order to, for
example, control the reactivity.

After the reaction between the organic compound having at
least two carbon-carbon double bonds reactive with SiH
groups per molecule and the component (), the solvent
or/and the unreacted organic compound having at least two
carbon-carbon double bonds reactive with SiH groups per
molecule or/and component () may be removed. By remov-
ing these volatiles, the resulting component (A) does not
contain any volatiles so that problems of voids and cracks
caused by volatilization of volatiles are less likely to occur
during curing with the component (B). Examples of the
removal method include vacuum distillation, and treatment
with activated carbon, aluminum silicate, silica gel, or the
like. The vacuum distillation is preferably performed at low
temperatures. In this case, the upper limit of the temperature
is preferably 100° C., and more preferably 60° C. Treatment
at high temperatures tends to lead to alteration such as thick-
ening.

Examples of the component (A) that is a reaction product
of the organic compound having at least two carbon-carbon
double bonds reactive with SiH groups per molecule and the
component () as mentioned above include a reaction product
of' bisphenol A diallyl ether and 1,3,5,7-tetramethylcyclotet-
rasiloxane, a reaction product of vinylcyclohexene and 1,3,5,
7-tetramethylcyclotetrasiloxane, a reaction product of divi-
nylbenzene and 1,3,5,7-tetramethylcyclotetrasiloxane, a
reaction product of dicyclopentadiene and 1,3,5,7-tetrameth-
ylcyclotetrasiloxane, a reaction product of triallyl isocyanu-
rate and 1,3,5,7-tetramethylcyclotetrasiloxane, a reaction
product of diallyl monoglycidyl isocyanurate and 1,3,5,7-
tetramethylcyclotetrasiloxane, a reaction product of vinyl
norbornene and bisdimethylsilylbenzene, and the like.
(Other Reactive Groups in Component (A))

The component (A) may contain other reactive groups.
Examples of such reactive groups include an epoxy group,
amino group, radical-polymerizable unsaturated groups, car-
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boxyl group, isocyanate group, hydroxyl group, and alkox-
ysilyl groups. In the case where the component (A) contains
such a functional group, the resulting curable resin composi-
tion tends to have high adhesion property, and the strength of
a cured product to be obtained tends to be high. An epoxy
group is preferred among the functional groups in view of the
possibility of higher adhesion. In view of higher thermal
resistance of a cured product to be obtained, the component
(A) preferably contains at least one reactive group per mol-
ecule on average.

(Mixing of Component (A))

The component (A) may be used alone, or two or more
kinds thereof may be used in admixture.
(Component (B))

The component (B) is a compound containing at least two
SiH groups per molecule.

The component (B) is not particularly limited as long as it
contains at least two SiH groups per molecule, and usable
examples thereof include compounds containing at least two
SiH groups per molecule described in W096/15194.

In view of availability, preferred among these are acyclic
and/or cyclic organopolysiloxanes containing at least two
SiH groups per molecule. In view of good compatibility with
the component (A), further preferred are cyclic polyorganosi-
loxanes containing at least two SiH groups per molecule,
represented by the following formula (VI):

VD

wherein R! represents an organic group having 1 to 6 carbon
atoms, and n represents a number of 3 to 10.

The substituent R! in the compound represented by the
formula (VI) is preferably composed of C, H, and O. The
substituent R! is more preferably a hydrocarbon group, and
still more preferably a methyl group.

In view of easy availability, the compound represented by
the formula (VI) is preferably 1,3,5,7-tetramethylcyclotet-
rasiloxane.

The molecular weight of the component (B) is not particu-
larly limited, and the component (B) having any molecular
weight may be favorably used. In view of better fluidity and
easy homogeneous mixing with powders such as the compo-
nent (E) and the component (F), the component (B) having a
low molecular weight is preferably used. In this case, the
minimum molecular weight is preferably 50, and the maxi-
mum molecular weight is preferably 100,000, more prefer-
ably 1,000, and still more preferably 700.

The component (B) is preferably liquid at a temperature of
23°C. for easy homogeneous mixing with other components,
especially powders such as the component (E) and the com-
ponent (F), or more specifically, because of no need to liquefy
the component (B) by heating to the melting point or higher
for homogeneous mixing. The viscosity at 23° C. of the
component (B) is preferably at most 50 Pa-s, more preferably
at most 20 Pa-s, and still more preferably at most 5 Pa-s. The
viscosity can be measured with an E-type viscometer.

The component (B) may be used alone, or two or more
kinds thereof may be used in admixture.

(Preferred Structure of Component (B))

From the viewpoint of good compatibility with the com-
ponent (A) and low volatility of the component (B) leading to
less possibility of causing a problem of outgassing from a
curable resin composition to be obtained, the component (B)
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is preferably a compound obtainable by a hydrosilylation
reaction between an organic compound (o) having at least
one carbon-carbon double bond reactive with a SiH group per
molecule and a compound () containing at least two SiH
groups per molecule.

(Component (o))

As the component (o), the same compound (ctl) as the
organic compound having at least two carbon-carbon double
bonds reactive with SiH groups per molecule, which is the
component (A) mentioned above, may be used. The use ofthe
component (1) tends to lead to high crosslink density of a
cured product to be obtained, and therefore high mechanical
strength of the cured product.

Furthermore, an organic compound (¢2) having one car-
bon-carbon double bond reactive with a SiH group per mol-
ecule may also be used. When the component (a.2) is used, a
cured product to be obtained tends to have low elasticity.

(Component (a.2))

The component (c.2) is not particularly limited as long as it
is an organic compound having one carbon-carbon double
bond reactive with a SiH group per molecule. In view of good
compatibility between the component (B) and the component
(A), the component (a2) is preferably a compound containing
constituent elements selected exclusively from C, H, N, O, S,
and halogens, but not a compound containing a siloxane unit
(Si—O—Si) such as polysiloxane-organic block copolymers
and polysiloxane-organic graft copolymers.

The bonding site of the carbon-carbon double bond reac-
tive with a SiH group in the component (a2) is not particu-
larly limited, and may be anywhere in the molecule.

Compounds as the component (a2) are classified into poly-
meric compounds and monomeric compounds.

Examples of the polymeric compounds include polysilox-
ane compounds, polyether compounds, polyester com-
pounds, polyarylate compounds, polycarbonate compounds,
saturated hydrocarbon compounds, unsaturated hydrocarbon
compounds, polyacrylic acid ester compounds, polyamide
compounds, phenol-formaldehyde compounds (phenol resin
compounds), and polyimide compounds.

Examples of the monomeric compounds include phenol
compounds, bisphenol compounds, aromatic hydrocarbon
compounds such as benzene and naphthalene; aliphatic
hydrocarbon compounds such as linear or alicyclic com-
pounds; heterocyclic compounds; silicon compounds; and
mixtures thereof.

Although the carbon-carbon double bond reactive with a
SiH group of the component (¢2) is not particularly limited,
it is preferably a group represented by the following formula

)

@

Rl
CH2=l

wherein R represents a hydrogen atom or a methyl group, in
view of reactivity. In view of easy availability of materials, a
group represented by the following formula:

H

CH,=—C—

is particularly preferred.
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The carbon-carbon double bond reactive with a SiH group
of'the component (ct2) is preferably an alicyclic group repre-
sented by the following formula (II):

. an
N
C

C
e \RZ

wherein R?s each represent a hydrogen atom or a methyl
group, in view ofhigh thermal resistance of the cured product.
In view of easy availability of materials, an alicyclic group
represented by the following formula:

H
\C/

C
/\H

is particularly preferred.

The carbon-carbon double bond reactive with a SiH group
may be directly bonded to a skeletal portion of the component
(02), or may be covalently bonded thereto via a bivalent or
higher valent substituent. The bivalent or higher valent sub-
stituent is not particularly limited as long as it is a substituent
having a carbon number of 0 to 10. In view of better compat-
ibility of the component (B) with the component (A), sub-
stituents containing constituent elements selected exclusively
from C, H, N, O, S and halogens are preferred. Examples of
these substituents include those represented by the following
formulae.

e} e}
| |
00— —C—> —0—C—>
e}
| [
—0—C—0—> —C—N—>
e}
[ Il
—0—C—N—) —§—, —§—0;
I
e}
CHj3 THg
—C—> —C—> o—:-
H | ( )
CH;
&
—T—, —tCHy ¥~
CF; (# is a number of 1 to 10.),

& g
il
CHy— | >
CH, | CH,

| /
i 4 C C
(}’l is a number of 0 to .), o o

(7 is a number of 0 to 4.)

Moreover, two or more of these bivalent or higher valent
substituents may be covalently bonded to form one bivalent or
higher valent substituent.

Examples of such a group to be covalently bonded to the
skeletal portion mentioned above include a vinyl group, allyl
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group, methallyl group, acryl group, methacryl group, 2-hy-
droxy-3-(allyloxy)propyl group, 2-allylphenyl group, 3-al-
lylphenyl group, 4-allylphenyl group, 2-(allyloxy)phenyl
group, 3-(allyloxy)phenyl group, 4-(allyloxy)phenyl group,
2-(allyloxy)ethyl group, 2,2-bis(allyloxymethyl)butyl group,
3-allyloxy-2,2-bis(allyloxymethyl)propyl group, and groups
represented by following formulae:

—tCH—CH,—03;7—CH,—CH=CH,,
(n is a number satisfying S = n = 2.)
~ )
(R is a bivalent group selected from —O—, —CH,—,
CHj3 CF3
I I Il
—C—, —C—, —5—)
I I [
CH;z CF3 e}
¢ ¢
H
| >
THZ | TH2|
CH
C/ C
H /, H
(7 is a number of 0 to 4.)
and the like.

Specific examples of the component (2) include aliphatic
acyclic hydrocarbon compounds such as propene, 1-butene,
1-pentene, 1-hexene, 1-heptene, 1l-octene, 1-nonene,
1-decene, 1-dodecene, 1-undecene, Linealene species (prod-
ucts of Idemitsu Petrochemical), 4,4-dimethyl-1-pentene,
2-methyl-1-hexene, 2,3,3-trimethyl-1-butene and 2,4,4-trim-
ethyl-1-pentene; aliphatic cyclic hydrocarbon compounds
such as cyclohexene, methylcyclohexene, methylenecyclo-
hexane, norbornylene, ethylidenecyclohexane, vinylcyclo-
hexane, camphene, carene, a.-pinene and f-pinene; aromatic
hydrocarbon compounds such as styrene, a-methylstyrene,
indene, phenylacetylene, 4-ethynyltoluene, allylbenzene and
4-phenyl-1-butene; allyl ethers such as alkyl allyl ethers and
allyl phenyl ether; aliphatic compounds such as glycerol
monoallyl ether, ethylene glycol monoallyl ether and 4-vinyl-
1,3-dioxolan-2-one; aromatic compounds such as 1,2-
dimethoxy-4-allylbenzene and o-allyiphenol; substituted iso-
cyanurates such as monoallyl dibenzyl isocyanurate and
monoallyl diglycidyl isocyanurate; and silicon compounds
such as vinyltrimethylsilane, vinyltrimethoxysilane and
vinyltriphenylsilane. Furthermore, specific examples of the
component (a.2) include polymers or oligomers containing a
vinyl group at one terminal, including polyether resins such
as polyethylene oxide allylated at one terminal and polypro-
pylene oxide allylated at one terminal; hydrocarbon resins
such as polyisobutylene allylated at one terminal; and acrylic
resins such as polybutyl acrylate allylated at one terminal and
polymethyl methacrylate allylated at one terminal.

The structure of the component (a2) may be linear or
branched. The molecular weight of the component (t2) is not
particularly limited and those having various molecular
weights may be used. The molecular weight distribution is not
particularly limited, either. From the viewpoint that the vis-
cosity of the mixture is reduced and the moldability is more
improved, the molecular weight distribution is preferably not
higher than 3, more preferably not higher than 2, and still
more preferably not higher than 1.5.
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In the case where the component (t2) has a glass transition
temperature, the glass transition temperature is not particu-
larly limited and those having various glass transition tem-
peratures may be used. From the viewpoint that a cured prod-
uct to be obtained tends to be tough, the glass transition
temperature is preferably not higher than 100° C., more pref-
erably not higher than 50° C., and still more preferably not
higher than 0° C. Preferred examples of the resin include
polybutyl acrylate resins. Meanwhile, in view of higher ther-
mal resistance of a cured product to be obtained, the glass
transition temperature is preferably not lower than 100° C.,
more preferably not lower than 120° C., still more preferably
not lower than 150° C., and most preferably not lower than
170° C. A tan § peak temperature obtained in a dynamic
viscoelasticity measurement is determined as the glass tran-
sition temperature.

The component (a2) is preferably a hydrocarbon com-
pound in view of higher thermal resistance of a cured product
to be obtained. In this case, the lower limit of the number of
carbons is preferably 7, and the upper limit of the number of
carbons is preferably 10.

The component (¢2) may contain other reactive groups.
Examples of such reactive groups include an epoxy group,
amino group, radical-polymerizable unsaturated groups, car-
boxyl group, isocyanate group, hydroxyl group, and alkox-
ysilyl groups. In the case where the component (.2) contains
such a functional group, the resulting curable resin composi-
tion tends to have high adhesion property, and the strength of
a cured product to be obtained tends to be high. An epoxy
group is preferred among the functional groups in view of the
possibility of higher adhesion. In view of higher thermal
resistance of a cured product to be obtained, the component
(0.2) preferably contains at least one reactive group per mol-
ecule on average. Specific examples of the component (a2)
include monoallyl diglycidyl isocyanurate, allyl glycidyl
ether, allyloxyethylmethacrylate, allyloxyethyl acrylate, and
vinyltrimethoxysilane.

As the component (ct1) or/and the component (0.2) men-
tioned above, a single species may be used, or a plurality of
species may be used in combination.

(Component ([3))

The component () is a compound containing at least two
SiH groups per molecule. Examples thereof include acyclic
and/or cyclic polyorganosiloxanes.

Specifically, for example, compounds represented by the
following formulae:

C2H5 TH;
—sl— sl— Ti—CHg,
[ CHy

(n=3~1000)
C5H5 THg
_Sl_ Sl_ Ti—CHg,
[, CHs
(rn =3~1000)
CH3 T THg C|H3
_SI_O Tl—O Tl—O Si—CHg,
" CH; CH;
n

(m = 3~1000, n = 0~1000)

10

15

40

45

50

55

60

65

30

-continued

o N
CH3—Ti—O Ti—o Ti—o Tl—CH3,
CH; H - CsHyy CHs

AV
H—Ti—O Ti—O TI_O
CH;3 H -
AVEAYE
Tl O Tl—O Tl—H
H CgHyy CH;
AV
H—Ti—O Ti—O TI_O
CH; H - CeHs

(m = 1~1000, = 0~1000)

TH3 CeHs TH3
|
H—Ti—O Ti—O Ti—H,
CH; o) [, CH;

CH;
Si—H,

CH;

CH;

H—Si—O

CH;

CH;

Si—H,

H
(n = 1~1000)
TH3 CH;y CH;y
H—Si—O Si—O Si—H.
CH;3 (0] CH;3
H;—Si—CH;
H
(n = 1~1000)

(n =3~10)

may be mentioned.

Particularly, in view of better compatibility with the com-
ponent (o), preferred are cyclic polyorganosiloxanes contain-
ing at least three SiH groups per molecule, represented by the
following formula (VI):

VD

wherein R! represents an organic group having 1 to 6 carbon
atoms, and n represents a number of 3 to 10.
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The substituent R' in the compound represented by the
formula (VI) is preferably composed of C, H and O. The
substituent R! is more preferably a hydrocarbon group, and
still more preferably a methyl group.

In view of easy availability, 1,3,5,7-tetramethylcyclotet-
rasiloxane is preferred.

Other examples of the component () include compounds
containing a SiH group, such as bisdimethylsilylbenzene.

The components () as mentioned above may be used
alone, or two or more kinds thereof may be used in admixture.
(Reaction Between Component (o) and Component (3))

The following description will discuss a hydrosilylation
reaction between the component () and the component () in
the case a compound obtainable by a hydrosilylation reaction
between the component (o) and the component ([3) is used as
the component (B) in the present invention.

Here, the hydrosilylation reaction between the component
(o) and the component () may give a mixture of a plurality of
compounds including the component (B) in the present inven-
tion. In this case, the curable resin composition of the present
invention can be prepared by using the mixture as it is without
separating the component (B).

In the case of subjecting the component (o) and the com-
ponent (p) to a hydrosilylation reaction, the mixing ratio of
the component () and the component () is not particularly
limited. Considering the strength of a cured product obtained
by a hydrosilylation reaction between the component (B) to
be obtained and the component (A), the number of SiH
groups in the component (B) is preferably larger. Therefore,
generally, the total number (X) of carbon-carbon double
bonds reactive with SiH groups in the component () to be
mixed and the total number (Y) of SiH groups in the compo-
nent (f) to be mixed preferably satisfy the ratio: Y/X=2, and
more preferably Y/X=3. In view of better compatibility of the
component (B) with the component (A), the X and Y prefer-
ably satisfy the ratio: 10=Y/X, and more preferably 5=Y/X.

An appropriate catalyst may be used in the hydrosilylation
reaction of the component (o) and the component (o). The
following may be used as the catalyst: a simple substance of
platinum; solid platinum supported by a carrier such as alu-
mina, silica, and carbon black; chloroplatinic acid; com-
plexes of chloroplatinic acid with an alcohol, aldehyde,
ketone, or the like; platinum-olefin complexes (e.g.,
Pt(CH,—CH,),(PPh;),, Pt(CH,—CH,),Cl,), platinum-vi-
nylsiloxane complexes (e.g., Pt(ViMe,SiOSiMe,Vi),,
Pt{(MeViSiO),],,), platinum-phosphine complexes (e.g.,
Pt(PPh,),, Pt(PBu,),), platinum-phosphite complexes (e.g.,
Pt{{P(OPh);],, P{{P(OBu);],) (in those formulae, Me is a
methyl group, Bu is a butyl group, Vi is a vinyl group, Ph is a
phenyl group, and n and m are integers); dicarbonyldichloro-
platinum; Karstedt catalysts; platinum-hydrocarbon com-
plexes described in Ashby’s U.S. Pat. Nos. 3,159,601 and
3,159,662; and platinum alcoholate catalysts described in
Lamoreaux’s U.S. Pat. No. 3,220,972. In addition, platinum
chloride-olefin complexes described in Modic’s U.S. Pat. No.
3,516,946 are also usable in the present invention.

Other examples of the catalyst except platinum compounds
include RhCI(PPh);, RhCl;, RhALO;, RuCl;, IrCl;, FeCl,,
AlCl,, PdCL,.2H,0, NiCl,, and TiCl,.

In view of catalytic activity, chloroplatinic acid, platinum-
olefin complexes, platinum-vinylsiloxane complexes, and the
like are preferred among the above examples. These catalysts
may be used alone, or two or more kinds thereof may be used
in combination.

The amount of the catalyst added is not particularly lim-
ited. For achieving sufficient curing and keeping the costs of
the curable resin composition relatively low, the minimum
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amount is preferably 10~ mol, and more preferably 10 mol,
per mol of SiH groups in the component (). The maximum
amount is preferably 10~ mol, and more preferably 10> mol,
per mol of SiH groups in the component ().

A promoter may be used along with the catalyst. Examples
of'the promoter include phosphorus compounds such as triph-
enylphosphine; 1,2-diester compounds such as dimethyl
maleate; acetylene alcohol compounds such as 2-hydroxy-2-
methyl-1-butyne; sulfur compounds such as a simple sub-
stance of sulfur; and amine compounds such as triethylamine.
The amount of the promoter added is not particularly limited,
but the minimum amount is preferably 107> mol, and more
preferably 107! mol, and the maximum amount is preferably
107 mol, and more preferably 10 mol, per mol of the hydrosi-
lylation catalyst.

Various methods may be employed for mixing the compo-
nent (at), the component (f), and the catalyst for reaction.
Preferred is a method of preliminarily mixing the component
(o) with the catalyst, and then mixing the mixture with the
component ([3). A method of adding the catalyst to a mixture
of the component (o) and the component () leads to diffi-
culty in controlling the reaction. In the case of a method of
adding the component (o) to a mixture of the component (3)
and the catalyst, the component () may be altered because
the component () can react with existing moisture in the
presence of the catalyst.

Various temperatures may be employed for the reaction.
The lower limit of the temperature range is preferably 30° C.,
and more preferably 50° C., and the upper limit of the tem-
perature range is preferably 200° C., and more preferably
150° C. in the reaction. Low reaction temperatures prolong
the time for sufficient reaction, and high reaction tempera-
tures are not practical. The reaction may be performed at a
constant temperature, or may be performed while the tem-
perature is changed in multiple steps or continuously as
needed.

Various reaction times and various pressures during the
reaction may be employed as needed.

A solvent may be used in the hydrosilylation reaction. The
usable solvent is not particularly limited as long as it does not
inhibit the hydrosilylation reaction. Specifically, suitable
examples of the solvent include hydrocarbon solvents such as
benzene, toluene, hexane, and heptane; ether solvents such as
tetrahydrofuran, 1,4-dioxane, 1,3-dioxolane, and diethyl
ether; ketone solvents such as acetone, and methyl ethyl
ketone; and halogen solvents such as chloroform, methylene
chloride, and 1,2-dichloroethane. A mixed solvent containing
two or more solvents may be used as the solvent. Toluene,
tetrahydrofuran, 1,3-dioxolane, and chloroform are preferred
as the solvent. The amount of the solvent to be used may be
appropriately set.

Various other additives may be used in order to, for
example, control the reactivity.

After the reaction between the component (o) and the
component (), the solvent or/and the unreacted component
(o) or/and component (f) may be removed. By removing
these volatiles, the resulting component (B) does not contain
any volatiles so that problems of voids and cracks caused by
volatilization of volatiles are less likely to occur during curing
with the component (A). Examples of the removal method
include vacuum distillation, and treatment with activated car-
bon, aluminum silicate, silica gel, or the like. The vacuum
distillation is preferably performed at low temperatures. In
this case, the upper limit of the temperature is preferably 100°
C., and more preferably 60° C. Treatment at high tempera-
tures tends to lead to alteration such as thickening.
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Examples of the component (B) that is a reaction product of
the component (o) and the component (§) as mentioned
above include a reaction product of bisphenol A diallyl ether
and 1,3,5,7-tetramethylcyclotetrasiloxane, a reaction product
of vinylcyclohexene and 1,3,5,7-tetramethylcyclotetrasilox-
ane, a reaction product of divinylbenzene and 1,3,5,7-tetram-
ethylcyclotetrasiloxane, a reaction product of dicyclopenta-
diene and 1,3,5,7-tetramethylcyclotetrasiloxane, a reaction
product of triallyl isocyanurate and 1,3,5,7-tetramethylcy-
clotetrasiloxane, a reaction product of diallyl monoglycidyl
isocyanurate and 1,3,5,7-tetramethylcyclotetrasiloxane, a
reaction product of allyl glycidyl ether and 1,3,5,7-tetrameth-
ylcyclotetrasiloxane, a reaction product of a.-methylstyrene
and 1,3,5,7-tetramethylcyclotetrasiloxane, a reaction product
of monoallyl diglycidyl isocyanurate and 1,3,5,7-tetrameth-
ylcyclotetrasiloxane, a reaction product of vinyl norbornene
and bisdimethylsilylbenzene, and the like.

(Mixing of Component (A) and Component (B))

Examples of combinations of the component (A) and the
component (B) include various combinations of the com-
pounds mentioned as examples of the component (A) or
mixtures thereof, and the compounds mentioned as examples
of the component (B) or mixtures thereof.

The mixing ratio of the component (A) and the component
(B) is not particularly limited as long as the required strength
is not lost. With respect to the ratio of the number (Y) of SiH
groups in the component (B) to the number (X) of carbon-
carbon double bonds in the component (A), the lower limit of
the ratio is preferably Y/X=0.3, more preferably Y/X=0.5, and
still more preferably Y/X=0.7, and the upper limit of the ratio
is preferably 3=Y/X, more preferably 2=Y/X, and still more
preferably 1.52Y/X. If the ratio is not in these preferred
ranges, a sufficient strength may not be achieved, or thermal
deterioration may tend to occur easily.

(Component (C))

The component (C) is a hydrosilylation catalyst.

The hydrosilylation catalyst is not particularly limited as
long as it catalyzes a hydrosilylation reaction. Examples of
the catalyst include a simple substance of platinum; solid
platinum supported by a carrier such as alumina, silica, car-
bon black or the like; chloroplatinic acid; complexes of chlo-
roplatinic acid with an alcohol, aldehyde, ketone, or the like;
platinum-olefin complexes (e.g., Pt(CH,—CH,),(PPh,),,
Pt(CH,—CH,),Cl,), platinum-vinylsiloxane complexes
(e.g., Pt(ViMe,SiOSiMe, Vi),,, Pt[(MeViSiO),],,), platinum-
phosphine complexes (e.g., Pt(PPh,),, Pt(PBu;),), platinum-
phosphite complexes (e.g., Pt[P(OPh),],, Pt[P(OBu),],) (in
those formulae, Me is a methyl group, Bu is a butyl group, Vi
is a vinyl group, Ph is a phenyl group, and n and m are
integers); dicarbonyldichloroplatinum; Karstedt catalysts;
platinum-hydrocarbon complexes described in Ashby’s U.S.
Pat. Nos. 3,159,601 and 3,159,662; and platinum alcoholate
catalysts described in Lamoreaux’s U.S. Pat. No. 3,220,972.
In addition, platinum chloride-olefin complexes described in
Modic’s U.S. Pat. No. 3,516,946 are also usable in the present
invention.

Other examples of the catalyst except platinum compounds
include RhCI(PPh);, RhCl;, RhALO;, RuCl;, IrCl;, FeCl,,
AlCl,, PdCL,.2H,0, NiCl,, and TiCl,.

In view of catalytic activity, chloroplatinic acid, platinum-
olefin complexes, platinum-vinylsiloxane complexes, and the
like are preferred among the above examples. These catalysts
may be used alone, or two or more kinds thereof may be used
in combination.

The amount of the catalyst added is not particularly lim-
ited. For achieving sufficient curing and keeping the costs of
the curable resin composition relatively low, the minimum
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amount is preferably 10~ mol, and more preferably 1075 mol,
per mol of SiH groups in the component (B). The maximum
amount is preferably 10 mol, and more preferably 1072 mol,
per mol of SiH groups in the component (B).

A promoter may be used along with the catalyst. Examples
of'the promoter include phosphorus compounds such as triph-
enylphosphine; 1,2-diester compounds such as dimethyl
maleate; acetylene alcohol compounds such as 2-hydroxy-2-
methyl-1-butyne; sulfur compounds such as a simple sub-
stance of sulfur; and amine compounds such as triethylamine.
The amount of the promoter added is not particularly limited.
The minimum amount is preferably 10~ mol, and more pref-
erably 107! mol, and the maximum amount is preferably 10?
mol, and more preferably 10 mol, per mol of the hydrosily-
lation catalyst.

(Component (D))

The component (D) in the present invention is a silicone
compound having at least one carbon-carbon double bond
reactive with a SiH group per molecule. The component (D),
when mixed with an inorganic filler as the component (E),
enables the curable resin composition to give a cured product
having a lower linear expansion coefficient.

The silicone compound as the component (D) is a com-
pound having a skeleton substantially formed of Si—O—Si
bonds. Various kinds of compounds including those having a
linear, circular, or branched structure or having a partial net-
work may be used.

Examples of substituents that may be bonded to such a
skeleton include alkyl groups such as a methyl group, ethyl
group, propyl group, and octyl group; aryl groups such as a
phenyl group, 2-phenylethyl group, and 2-phenylpropyl
group; alkoxy groups such as a methoxy group, ethoxy group,
and isopropoxy group; and a hydroxyl group. In view of
higher tendency of higher thermal resistance, a methyl group,
phenyl group, hydroxyl group, and methoxy group are pre-
ferred, and a methyl group and phenyl group are more pre-
ferred among the above examples. Examples of the substitu-
ents containing a carbon-carbon double bond reactive with a
SiH group include a vinyl group, allyl group, acryloxy group,
methacryloxy group, acryloxypropyl group, and methacry-
loxypropyl group. In view of good reactivity, a vinyl group is
preferred among the examples.

Examples of the component (D) may include compounds
representable by the following formula:

R,(CH,—CH), 8104  my>

wherein R represents a group selected from a hydroxyl group,
a methyl group, and a phenyl group, and n and m each repre-
sent a number satistying O=n<4, O<ms=4, and O<n+ms=4).

Examples of the component (D) include polydimethylsi-
loxane, polydiphenylsiloxane and polymethylphenylsiloxane
each containing a vinyl group as a terminal group or side-
chain group, and random or block copolymers of two or three
kinds thereof, 1,3-divinyltetramethyldisiloxane, and 1,3,5,7-
tetravinylcyclotetrasiloxane. A plurality of the components
(D) may be used in admixture.

Among the above examples, because the effects of the
present invention become larger, linear polysiloxanes con-
taining a vinyl group at a terminal thereof are preferred, linear
polysiloxanes containing a vinyl group at both terminals
thereof are more preferred, linear polymethylphenylsilox-
anes containing a vinyl group at both terminals thereof are
still more preferred, and linear polymethylphenylsiloxanes
containing a vinyl group at both terminals thereof and having
a phenyl content of not less than 20 mol % of the total
substituents are particularly preferred.
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Regarding the molecular weight of the component (D), the
weight average molecular weight (Mw) of the component (D)
is preferably not less than 1,000, more preferably not less than
5,000, and still more preferably not less than 10,000. A larger
molecular weight tends to lead to further reduction in stress of
a cured product to be obtained. The molecular weight of the
component (D) is preferably not more than 1,000,000, and
more preferably not more than 100,000. A larger molecular
weight leads to less compatibility with the component (A).

Regarding the amount of the component (D), the weight of
the component (D) is preferably not less than 30% by weight,
more preferably not less than 50% by weight, and still more
preferably not less than 80% by weight, of the total weight of
the component (A) and the component (B).

The mixing ratio of the component (A), the component (B),
and the component (D) is not particularly limited as long as
the required strength is not lost. With respect to the ratio of the
number (Y) of SiH groups in the component (B) to the num-
ber (X) of carbon-carbon double bonds reactive with SiH
groups in the component (A) and the component (D), the
lower limit of the ratio is preferably Y/X=0.3, more preferably
Y/X=z0.5, and still more preferably Y/X=0.7, and the upper
limit of the ratio is preferably 3=Y/X, more preferably 2=Y/
X, and still more preferably 1.5=2Y/X. If the ratio is not in
these preferred ranges, a sufficient strength may not be
achieved, or thermal deterioration tends to occur easily.

The component (E) is an inorganic filler.

The component (E) has an effect in enhancing the strength
and hardness of a cured product to be obtained, and in reduc-
ing its linear expansion coefficient.

Various substances can be used as the inorganic filler (E).
Examples thereof include silica-based inorganic fillers such
as quartz, fumed silica, precipitated silica, silicic anhydride,
fused silica, crystalline silica and ultrafine amorphous silica;
inorganic fillers such as alumina, zircon, titanium oxide, zinc
oxide, silicon nitride, boron nitride, aluminum nitride, silicon
carbide, glass fiber, alumina fiber, carbon fiber, mica, graph-
ite, carbon black, graphite, diatomaceous earth, white clay,
clay, talc, aluminum hydroxide, calcium carbonate, magne-
sium carbonate, barium sulfate, barium titanate, potassium
titanate, calcium silicate, inorganic balloons, and silver pow-
der; and other inorganic fillers commonly used or/and pro-
posed as fillers for conventional sealing materials such as
epoxy sealing materials. In view of less damage to semicon-
ductor elements, the inorganic filler is preferably less radio-
active.

The inorganic filler may be appropriately surface-treated.
Examples of the surface treatment include alkylation treat-
ment, trimethylsilylation treatment, silicone treatment, and
treatment with a coupling agent.

Examples of the coupling agent for such treatment include
silane coupling agents. The silane coupling agents are not
limited in particular as long as they are compounds each
containing at least one each of a functional group reactive
with an organic group, and a hydrolysable silicon group per
molecule. As the functional group reactive with an organic
group, at least one functional group selected from the group
consisting of an epoxy group, methacryl group, acryl group,
isocyanate group, isocyanurate group, vinyl group and car-
bamate group is preferred in view of handleability, and an
epoxy group, methacryl group and acryl group are particu-
larly preferred in view of curability and adhesion. As the
hydrolysable silicon group, alkoxysilyl groups are preferred
in view of handleability, and a methoxysilyl group and ethox-
ysilyl group are particularly preferred in view of reactivity.

Preferred examples of the silane coupling agent include
alkoxysilanes containing an epoxy functional group, such as
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3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropyltri-
ethoxysilane,  2-(3,4-epoxycyclohexyl)ethyltrimethoxysi-
lane and 2-(3,4-epoxycyclohexyl)ethyltriethoxysilane; and
alkoxysilanes containing a methacryl group or an acryl group,
such as 3-methacryloxypropyltrimethoxysilane, 3-methacry-
loxypropyltriethoxysilane, 3-acryloxypropyltrimethoxysi-
lane, 3-acryloxypropyltriethoxysilane, methacryloxymethyl-

trimethoxysilane, methacryloxymethyltriethoxysilane,
acryloxymethyltrimethoxysilane and acryloxymethyltri-
ethoxysilane.

Other methods may be mentioned as the method for adding
the inorganic filler. For example, a method may be mentioned
in which a hydrolysable silane monomer or oligomer such as
alkoxysilanes, acyloxysilanes and halogenated silanes, or an
alkoxide, acyloxide or halide of a metal such as titanium or
aluminum, or the like is added to the curable resin composi-
tion of the present invention and allowed to react in the
curable resin composition or a partial reaction product of the
curable resin composition to generate an inorganic filler in the
curable resin composition.

Silica-based inorganic fillers are preferred among the
above inorganic fillers from the viewpoint of less possibility
of inhibiting the curing reaction, larger effect of reducing the
linear expansion coefficient, and higher adhesion to a lead
frame. Moreover, in view of good balance of physical prop-
erties such as moldability and electric properties, fused silica
is preferred. From the viewpoint that the thermal conductivity
of the package tends to be high, which enables package
designs with high heat dissipation performance, crystalline
silica is preferred. For higher heat dissipation performance,
alumina is preferred. In view of high light reflectance of the
package resin, which leads to higher light extraction effi-
ciency ofa light-emitting diode to be obtained, titanium oxide
is preferred. In addition, in view of high reinforcing effect
which leads to higher strength of the package, glass fiber,
potassium titanate, and calcium silicate are preferred.

The average particle size and particle size distribution of
the inorganic filler are not particularly limited, and those
having various values may be used such as inorganic fillers
used or/and proposed as fillers for conventional sealing mate-
rials such as epoxy sealing materials. The minimum average
particle size is usually 0.1 um, and is preferably 0.5 pm in
view of better fluidity. The maximum average particle size is
usually 120 pm and is preferably 60 um, and more preferably
15 um in view of better fluidity.

Inorganic fillers having various specific surface areas may
also be used such as those used or/and proposed as fillers for
conventional sealing materials such as epoxy sealing materi-
als.

The inorganic fillers may have various shapes such as a
crushed shape, a flake shape, a spherical shape, and a bar
shape. Inorganic fillers having various aspect ratios may also
be used. The aspect ratio is preferably not less than 10 in view
of higher strength of a cured product to be obtained. More-
over, considering isotropic shrinkage of the resin, the inor-
ganic filler preferably has a powder form rather than a fiber
form. Alternatively, a spherical shape is preferred in view of
better fluidity during molding even if the inorganic filler is
highly filled.

These inorganic fillers may be used alone, or two or more
kinds thereof may be used in combination.

Although the amount of the component (E) is not particu-
larly limited, the total amount of the component (E) is pref-
erably 70% by weight or more, more preferably 80% by
weight of more, and still more preferably 90% by weight or
more, of the whole curable resin composition. A small
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amount of the component (E) is less likely to have an effect in
enhancing the strength and hardness and in reducing the
linear expansion coefficient.

Regarding the order of mixing the inorganic filler as the
component (E), various methods are applicable. However, in
view of better storage stability of intermediate materials for
the curable resin composition, a method is preferred in which
the component (A) is mixed with the component (C) and the
inorganic filler, and then the resulting mixture is mixed with
the component (B). In the case of a method of mixing the
component (B) with the component (C) and/or the inorganic
filler, and then mixing the resulting mixture with the compo-
nent (A), since the component (B) can react with moisture in
the environment and/or the inorganic filler in the presence or
absence of the component (C), the component (B) may be
altered during storage or the like. Moreover, from the view-
point that the reactive components (A), (B), and (C) tend to be
well mixed to give a stable molded product, it is preferable to
mix the inorganic filler with a mixture of the component (A),
the component (B), and the component (C).

As the means of mixing the inorganic filler as the compo-
nent (E), various means conventionally employed and/or pro-
posed for epoxy resin or the like may be employed. Examples
of the means include mixers such as two-roll or three-roll
mills, planetary mixing and defoaming machines, homog-
enizers, dissolvers, and planetary mixers, and melt mixers
such as Plastomill. Among these, three-roll mills and melt
mixers are preferred from the viewpoint that sufficient dis-
persibility of the inorganic filler tends to be achieved even if
the filler is highly filled. The inorganic filler may be mixed at
normal temperature or under heating, and also may be mixed
at ordinary pressure or in vacuum. From the viewpoint that
sufficient dispersibility of the inorganic filler tends to be
achieved even if the inorganic filler is highly filled, the mixing
is preferably performed under heating. From the viewpoint
that the wettability of the surface of the inorganic filler tends
to be enhanced, and sufficient dispersibility tends to be
achieved, the mixing is preferably performed in vacuum.
(Component (F))

The curable resin composition of the present invention may
preferably contain a white pigment (component (F)).

The component (F) is a white pigment, and has an effect in
enhancing the light reflectance of a cured product to be
obtained.

Various substances may be used as the component (F), and
examples thereof include titanium oxide, zinc oxide, magne-
sium oxide, antimony oxide, zirconium oxide, strontium
oxide, niobium oxide, boron nitride, barium titanate, zinc
sulfide, barium sulfate, magnesium carbonate, and hollow
glass particles. From the viewpoint of easy handleability,
availability and cost, titanium oxide or zinc oxide is preferred
among these examples.

Various titanium oxides may be used as the component (F),
and may be anatase types or rutile types. In view of no pho-
tocatalytic activity and of higher stability of the curable resin
composition, rutile types are preferred.

As the component (F), those having various average par-
ticle sizes may be used. However, in view of higher light
reflectance of a cured product to be obtained and greater
hardness of the curable resin composition tablet, the compo-
nent (F) preferably has an average particle size of not more
than 1.0 um, more preferably not more than 0.30 pm, and
most preferably not more than 0.25 pm.

Meanwhile, from the viewpoint of high fluidity of the
curable resin composition, the average particle size is prefer-
ably not less than 0.05 um, and more preferably not less than
0.1 pm.
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The average particle size can be measured using a laser
diffraction/scattering particle size distribution analyzer.

Titanium oxides produced by any methods including the
sulfate process and the chloride process, may be used as the
titanium oxide as the component (F).

The component (F) may be surface-treated.

In the surface treatment of the component (F), the surface
of'the component (F) is coated with at least one selected from
inorganic compounds and organic compounds. Examples of
the inorganic compounds include aluminum compounds, sili-
con compounds, zirconium compounds, tin compounds, tita-
nium compounds and antimony compounds. Examples of the
organic compounds include polyhydric alcohols, alkanola-
mines or derivatives thereof, organosilicon compounds such
as organosiloxanes, higher fatty acids or metal salts thereof,
and organometallic compounds.

Inthe case where the surface of the component (F) is coated
with an inorganic compound or organic compound, the sur-
face treatment may be performed by a known method such as
a wet method or a dry method when titanium oxide is for
example, dry-ground, made into a slurry, or wet-ground. Vari-
ous other methods may also be mentioned such as a liquid
phase method and a gas phase method.

Treatment with an organosiloxane, among the above
examples, is preferred because this treatment contributes to
high light reflectance of a cured product to be obtained, and
good thermal and light resistance. Moreover, inclusion of
titanium oxide surface-treated with an organosiloxane is
favorable for producing an excellent light-emitting diode
which has high light-extraction efficiency and maintains the
light-extraction efficiency even after a long time use.

Various organosiloxane agents are applicable for such sur-
face treatment. Examples thereof include silane coupling
agents exemplified by, for example, polysiloxanes such as
polydimethylsiloxane, polymethylphenylsiloxane, polym-
ethylhydrogensiloxanes, and copolymers thereof; cyclosilox-
anes such as hexamethylcyclotrisiloxane, heptamethylcy-
clotetrasiloxane, and 1,3,5,7-tetramethylcyclotetrasiloxane;
various silanes including chlorosilanes such as trimethylchlo-
rosilane, dimethyldichlorosilane and methyltrichlorosilane;
silanes containing an epoxy functional group such as 3-gly-
cidoxypropyltrimethoxysilane, 3-glycidoxypropyltriethox-
ysilane, 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and
2-(3,4-epoxycyclohexyl)ethyltriethoxysilane; silanes con-
taining a methacryl group or an acryl group such as 3-meth-
acryloxypropyltrimethoxysilane, 3-methacryloxypropyltri-
ethoxysilane, 3-acryloxypropyltrimethoxysilane,
3-acryloxypropyltriethoxysilane, —methacryloxymethyltri-
methoxysilane, methacryloxymethyltriethoxysilane, acry-
loxymethyltrimethoxysilane and acryloxymethyltriethoxysi-
lane; silanes containing a vinyl group such as
vinyltrichlorosilane, vinyltrimethoxysilane, vinyltriethox-
ysilane, vinyltris(f-methoxyethoxy)silane and vinyltriac-
etoxysilane; mercaptosilanes such as y-mercaptopropyltri-
methoxysilane and
y-mercaptopropylmethyldimethoxysilane; silanes containing
an amino group such as y-aminopropyltriethoxysilane, y-[bis
(B-hydroxyethyl)]aminopropyltriethoxysilane, N-f-(amino-
ethyl)-y-aminopropyltrimethoxysilane,  y-(f-aminoethyl)
aminopropyldimethoxymethylsilane,
N-(trimethoxysilylpropyl)ethylenediamine,
N-(dimethoxymethylsilylisopropyl)ethylenediamine ~ and
N-p-(N-vinylbenzylaminoethyl)-y-aminopropyltrimethox-
ysilane; silanes containing an isocyanate group such as iso-
cyanatepropyltrimethoxysilane and isocyanatepropyltri-
ethoxysilane; silanes containing an alkyl group such as
methyltrimethoxysilane, methyltriethoxysilane, hexyltri-



US 9,178,120 B2

39

methoxysilane, hexyltriethoxysilane, octyltrimethoxysilane
and octyltriethoxysilane; and other silanes such as y-chloro-
propyltrimethoxysilane and y-anilinopropyltrimethoxysi-
lane, as well as hexamethyldisiloxane, hexamethyldisilazane,
and the like. Among these surface treatment agents, those not
containing a carbon-carbon double bond are preferred. Those
containing a carbon-carbon double bond tend to reduce the
thermal resistance. Moreover, surface treatment with a sub-
stance other than organosiloxanes, such as Al, Zr, Zn, or the
like, may be concomitantly performed.

Furthermore, the component (F) may be surface-treated
with an inorganic compound.

The surface treatment with an inorganic compound is not
particularly limited, and examples thereof include various
surface treatments with aluminum compounds, silicon com-
pounds, zirconium compounds or the like. Titanium oxide is
in some cases surface-treated with an inorganic compound or
organic compound for the purpose of enhancing the durabil-
ity, increasing the affinity for solvents, preventing loss of
shape in particles, or the like. It is considered that surface
treatment of the component (F) with an inorganic compound
leads to higher affinity for the components contained in the
curable resin composition, and therefore better dispersibility
of the component (F) in the curable resin composition,
thereby enhancing the strength of a cured product to be
obtained.

Various methods are applicable for the surface treatment,
and examples thereof include various methods such as a wet
method, a dry method, a liquid phase method, and a gas phase
method.

The amount of the component (F) is not particularly lim-
ited, and is preferably not less than 10% by weight, more
preferably not less than 15% by weight, and still more pref-
erably not less than 20% by weight, of the whole curable resin
composition. If the amount is less than 10% by weight, the
resulting cured product may have a reduced light reflectance.
(Component (E) and component (F))

The total amount of the component (E) and the component
(F) is not particularly limited; however, the total amount of
the component (E) and the component (F) is preferably not
less than 85% by weight, and more preferably not less than
90% by weight, of the whole curable resin composition.

A small total amount of the component (E) and the com-
ponent (F) is less likely to have an effect in enhancing the
strength and hardness, and in reducing the linear expansion
coefficient.

Regarding the order of mixing the component (F), various
methods may be employed. Preferred embodiments are simi-
lar to those described for the component (E). Moreover, the
component (F) and the component (E) may be added simul-
taneously.

The means for mixing the component (F) may be the same
as those for mixing the component (E).

(Component (G))

The curable resin composition of the present invention may
preferably contain a metal soap (component (G)).

The component (G) is added for improving the moldability
such as mold releasability of the curable resin composition.

Various conventionally-used metal soaps may be used as
the component (G). The metal soap herein generally refers to
aproduct in which a long chain fatty acid is bonded to a metal
ion, and any metal soap can be used as long as it has a
nonpolar or low-polar moiety derived from the fatty acid and
apolar moiety derived from the bonding site with the metal in
a molecule. Examples of the long chain fatty acid include
C1-C18 saturated fatty acids, C3-C18 unsaturated fatty acids,
and aliphatic dicarboxylic acids. Among these, C1-C18 satu-
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rated fatty acids are preferred in view of easy availability and
high industrial practicability. Moreover, in view of effective
mold releasability, C6-C18 saturated fatty acids are more
preferred. Examples of the metal ion include alkali metal
ions, and alkaline earth metal ions, as well as zinc, cobalt,
aluminum, and strontium ions. Specific examples of the metal
soap include lithium stearate, lithium 12-hydroxystearate,
lithium laurate, lithium oleate, lithium 2-ethylhexanoate,
sodium stearate, sodium 12-hydroxystearate, sodium laurate,
sodium oleate, sodium 2-ethylhexanoate, potassium stearate,
potassium 12-hydroxystearate, potassium laurate, potassium
oleate, potassium 2-ethylhexanoate, magnesium stearate,
magnesium 12-hydroxystearate, magnesium laurate, magne-
sium oleate, magnesium 2-ethylhexanoate, calcium stearate,
calcium 12-hydroxystearate, calcium laurate, calcium oleate,
calcium 2-ethylhexanoate, barium stearate, barium 12-hy-
droxystearate, barium laurate, zinc stearate, zinc 12-hydrox-
ystearate, zinc laurate, zinc oleate, zinc 2-ethylhexanoate,
lead stearate, lead 12-hydroxystearate, cobalt stearate, alumi-
num stearate, manganese oleate, and barium ricinoleate.
Among these metal soaps, metal stearates are preferred in
view of easy availability and high safety which lead to high
industrial practicability. Particularly from the economic
viewpoint, at least one selected from the group consisting of
calcium stearate, magnesium stearate, and zinc stearate is
most preferred.

The amount of the metal soap added is not particularly
limited. The minimum amount is preferably 0.01 parts by
weight, more preferably 0.025 parts by weight, and still more
preferably 0.05 parts by weight, relative to 100 parts by
weight of the whole curable resin composition. The maxi-
mum amount is preferably 5 parts by weight, and more pref-
erably 4 parts by weight, relative to 100 parts by weight of the
whole curable resin composition. Addition of an excessive
amount of the metal soap may lead to reduction in physical
properties of the cured product. Addition of too small amount
of the metal soap may not ensure mold releasability.
(Additives)

The curable resin composition of the present invention may
contain various additives.

(Curing Retardant)

In order to improve the storage stability of the curable resin
composition of the present invention, or to control the reac-
tivity of the hydrosilylation reaction in the production pro-
cess, a curing retardant may be used. Examples of the curing
retardant include compounds containing an aliphatic unsat-
urated bond, organophosphorus compounds, organosulfur
compounds, nitrogen-containing compounds, tin compounds
and organic peroxides. These may be used in combination.

Examples of the compounds containing an aliphatic unsat-
urated bond include: propargyl alcohols such as 3-hydroxy-
3-methyl-1-butyne,  3-hydroxy-3-phenyl-1-butyne and
1-ethynyl-1-cyclohexanol; ene-yne compounds; and male-
ates such as dimethyl maleate. Examples of the organophos-
phorus compounds include triorganophosphines, diorgano-
phosphines, organophosphones and triorganophosphites.
Examples of the organosulfur compounds include organo-
mercaptans, diorganosulfides, hydrogen sulfide, benzothiaz-
ole, thiazole and benzothiazole disulfide. Examples of the
nitrogen-containing compounds include ammonia, primary,
secondary or tertiary alkylamines, arylamines, urea and
hydrazine. Examples of the tin compounds include stannous
halide dihydrate and stannous carboxylates. Examples of the
organic peroxides include di-tert-butyl peroxide, dicumyl
peroxide, benzoyl peroxide and tert-butyl peroxybenzoate.

In view of favorable retardation activity and good avail-
ability of materials, preferred among these curing retardants
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are benzothiazole, thiazole, dimethyl maleate, 3-hydroxy-3-
methyl-1-butyne and 1-ethynyl-1-cyclohexanol.

Various amounts of the curing retardant may be added. The
minimum amount of the curing retardant added is preferably
107! mol, and more preferably 1 mol, and the maximum
amount is preferably 10° mol, and more preferably 50 mol,
per mol of the hydrosilylation catalyst used.

These curing retardants may be used alone, or two or more
of them may be used in combination.

(Adhesion Promoter)

An adhesion promoter may be added in the curable resin
composition of the present invention. Examples of the adhe-
sion promoter include commonly used adhesives, as well as,
for example, various coupling agents, epoxy compounds,
phenol resins, coumarone-indene resins, rosin ester resins,
terpene-phenol  resins,  a-methylstyrene-vinyltoluene
copolymers, polyethylmethylstyrene and aromatic polyiso-
cyanates.

Examples of the coupling agents include silane coupling
agents and titanate coupling agents.

Examples and preferred examples of the coupling agents
are the same as those mentioned above.

Although various amounts of the coupling agent may be
added, the minimum amount is preferably 0.1 parts by
weight, and more preferably 0.5 parts by weight, and the
maximum amount is preferably 50 parts by weight, and more
preferably 25 parts by weight, relative to 100 parts by weight
of the total of the component (A) and the component (B). If
the amount added is smaller, the adhesion-promoting effect
may not be manifested, while if the amount added is larger,
adverse effects may occur to the physical properties of the
cured product.

Examples of the epoxy compounds include novolac phenol
epoxy resin, biphenyl epoxy resin, dicyclopentadiene epoxy
resin, bisphenol F diglycidyl ether, bisphenol A diglycidyl
ether, 2,2'-bis(4-glycidyloxycyclohexyl)propane, 3,4-epoxy-
cyclohexylmethyl-3,4-epoxycyclohexane carboxylate,
vinylcyclohexene dioxide, 2-(3,4-epoxycyclohexyl)-5,5-
spino-(3,4-epoxycyclohexane)-1,3-dioxane, bis(3,4-epoxy-
cyclohexyl)adipate, 1,2-cyclopropanedicarboxylic acid bisg-
lycidyl ester, and triglycidyl isocyanurate, monoallyl
diglycidyl isocyanurate, and diallyl monoglycidyl isocyanu-
rate.

Various amounts of the epoxy compound may be added.
The minimum amount is preferably 1 part by weight, and
more preferably 3 parts by weight, and the maximum amount
is preferably 50 parts by weight, and more preferably 25 parts
by weight, relative to 100 parts by weight of the total of the
component (A) and the component (B). A smaller amount of
the epoxy compound may fail to exert the adhesion-promot-
ing effect, and a larger amount thereof may have adverse
effects on the physical properties of the cured product.

Each of these coupling agents, silane coupling agents,
epoxy compounds, and the like may be used alone, or two or
more of these may be used in combination.

In the present invention, a silanol condensation catalyst
may also be used for the purpose of enhancing the effects of
the coupling agent or epoxy compound, and its use contrib-
utes to enhancement of adhesion and/or stabilization.
Although the silanol condensation catalyst is not particularly
limited, it is preferably a boron compound or/and aluminum
compound or/and titanium compound. Examples of alumi-
num compounds usable as the silanol condensation catalyst
include: aluminum alkoxides such as aluminum triisopro-
poxide, sec-butoxyaluminum diisopropoxide, and aluminum
tri-sec-butoxide; and aluminum chelates such as ethylac-
etoacetate aluminum diisopropoxide, aluminum tris(ethylac-
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etoacetate), aluminum chelate M (produced by Kawaken Fine
Chemicals Co., Ltd., alkylacetoacetate aluminum diisopro-
poxide), aluminum tris(acetylacetonate), and aluminum
monoacetylacetonate bis(ethylacetoacetate). In view of
handleability, aluminum chelates are more preferred.
Examples of titanium compounds usable as the silanol con-
densation catalyst include: tetraalkoxy titaniums such as tet-
raisopropoxy titanium and tetrabutoxy titanium; titanium
chelates such as titanium tetraacetylacetonate; and general
titanate coupling agents containing a residue such as oxyac-
etate or ethylene glycol.

Examples of boron compounds usable as the silanol con-
densation catalyst include borate esters. Suitable examples of
the borate esters include compounds represented by the fol-
lowing formulae (VII) and (VIII):

B(ORY), (V1D

B(OCORY),(VII)

wherein R's each represent an organic group having 1 to 48
carbon atoms.

Preferred specific examples of the borate esters include
tri-2-ethylhexyl borate, tri-n-octadecyl borate, tri-n-octyl
borate, triphenyl borate, trimethylene borate, tris(trimethyl-
silyl)borate, tri-n-butyl borate, tri-sec-butyl borate, tri-tert-
butyl borate, triisopropyl borate, tri-n-propyl borate, triallyl
borate, triethyl borate, trimethyl borate, and boron methoxy-
ethoxide.

These borate esters may be used alone, or two or more of
them may be used in admixture. Mixing may be performed in
advance, or may be performed upon producing cured prod-
ucts.

In view of easy availability and high industrial practicabil-
ity, trimethyl borate, methyl borate, and tri-n-butyl borate are
preferred, and in particular, trimethyl borate is more preferred
among the above borate esters.

In view of suppression of volatilization during curing, tri-
n-octadecyl borate, tri-n-octyl borate, triphenyl borate, trim-
ethylene borate, tris(trimethylsilyl)borate, tri-n-butyl borate,
tri-sec-butyl borate, tri-tert-butyl borate, triisopropyl borate,
tri-n-propyl borate, triallyl borate, and boron methoxyethox-
ide are preferred, and in particular, tri-n-octadecyl borate,
tri-tert-butyl borate, triphenyl borate, and tri-n-butyl borate
are more preferred.

Interms of suppressed volatilization and good workability,
tri-n-butyl borate, triisopropyl borate, and tri-n-propyl borate
are preferred, and especially tri-n-butyl borate is more pre-
ferred.

In terms of less coloring under high temperatures, trim-
ethyl borate and triethyl borate are preferred, and especially
trimethyl borate is more preferred.

In the case where the silanol condensation catalyst is used,
although various amounts may be used, the minimum amount
of'the silanol condensation catalyst is preferably 0.1 parts by
weight, and more preferably 1 part by weight, while the
maximum amount is preferably 50 parts by weight, and more
preferably 30 parts by weight, relative to 100 parts by weight
of'the coupling agent or/and epoxy compound. If the addition
amount is smaller, then no adhesion-promoting effect may be
achieved. If the addition amount is larger, adverse effects may
occur to the physical properties of the cured product.

These silanol condensation catalysts may be used alone, or
two or more kinds thereof may be used in combination.

In order to further enhance the adhesion-promoting effect
in the present invention, a silanol source compound may also
be used, and its use contributes to enhancement of adhesion
and/or stabilization. Examples of such a silanol source
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include: silanol compounds such as triphenyl silanol and
diphenyldihydroxysilane; and alkoxysilanes such as diphe-
nyldimethoxysilane, tetramethoxysilane, and methyltri-
methoxysilane.

In the case where the silanol source compound is used,
although various amounts may be used, the minimum amount
of the silanol source compound is preferably 0.1 parts by
weight, and more preferably 1 part by weight, while the
maximum amount is preferably 50 parts by weight, and more
preferably 30 parts by weight, relative to 100 parts by weight
of'the coupling agent or/and epoxy compound. If the addition
amount is smaller, no adhesion-promoting effect may be
achieved. Ifthe addition amount is larger, adverse effects may
occur to the physical properties of the cured product.

These silanol source compounds may be used alone, or two
or more kinds thereof may be used in combination.

In the present invention, in order to enhance the effects of
the coupling agent or epoxy compound, a carboxylic acid
or/and an acid anhydride may be used, and its use contributes
to enhancement of adhesion and/or stabilization. Although
such carboxylic acids and acid anhydrides are not particularly
limited, examples thereof include those represented by the
following formulae:

CH3—CH,+;-COOH, HOOC—-CH,+,- COOH,
CH;=—=CH—CH,5;-COOH, (n is a number of 0 to 30.)
COOH
HOOC
COOH,
COOH
\ COOH,
COOH
COOH
HOOC COOH,
COOH
COOH
HOOC
COOH,
HOOC
HOOC COOH
COOH,
COOH
HOOC )k©:COOH
HOOC COOH,

w
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-continued
HOOC COOH
O
(@]
HOOC COOH
COOH
COOH

and 2-ethylhexanoic acid, cyclohexanecarboxylic acid,
cyclohexanedicarboxylic acid, methylcyclohexanedicar-
boxylic acid, tetrahydrophthalic acid, methyltetrahydro-
phthalic acid, methylhymic acid, norbornenedicarboxylic
acid, hydrogenated methylnadic acid, maleic acid, acetylene-
dicarboxylic acid, lactic acid, malic acid, citric acid, tartaric
acid, benzoic acid, hydroxybenzoic acid, cinnamic acid,
phthalic acid, trimellitic acid, pyromellitic acid, naphthalen-
ecarboxylic acid, naphthalenedicarboxylic acid, and anhy-
drides of one or more of these acids.

Among these carboxylic acids and/or acid anhydrides,
ones containing a carbon-carbon double bond reactive with a
SiH group are preferred because they have hydrosilylation
reactivity and are less likely to bleed from a cured product to
be obtained, so that the physical properties of the cured prod-
uct are less likely to be impaired. Preferred examples of the
carboxylic acids or/and acid anhydrides include those repre-
sented by the following formula:

CH,—CH-CH,-,,COOH (# is a number of 0 to
30.)

and tetrahydrophthalic acid, methyltetrahydrophthalic acid,
and anhydrides of one or more of these acids.

Inthe case where the carboxylic acid or/and acid anhydride
is used, although various amounts thereof may be used, the
minimum addition amount is preferably 0.1 parts by weight,
and more preferably 1 part by weight, while the maximum
addition amount is preferably 50 parts by weight, and more
preferably 10 parts by weight, relative to 100 parts by weight
of'the coupling agent or/and epoxy compound. If the addition
amount is smaller, then no adhesion-promoting effect may be
achieved. If the addition amount is larger, then adverse effects
may occur to the physical properties of the cured product.

These carboxylic acids or/and acid anhydrides may be used
alone, or two or more types thereof may be used in combina-
tion.

The curable resin composition of the present invention may
contain silane compounds mentioned above. The silane com-
pounds contribute to enhancement of adhesion to a lead, and
are thus effective for preventing invasion of water through an
interface between the package and the lead. Examples of the
silane compounds include dimethyldimethoxysilane, dim-
ethyldiethoxysilane, diphenyldimethoxysilane, diphenyldi-
ethoxysilane, methylphenyldimethoxysilane, and meth-
ylphenyldiethoxysilane. Particularly,
dimethyldimethoxysilane is preferred among these.

(Cured Product of Thermosetting Resin)

A cured product of a thermosetting resin may be crushed
into particles and then mixed. In the case where the thermo-
setting resin is used as dispersed particles, although various
average particle sizes may be employed, the minimum aver-
age particle size is preferably 10 nm, and the maximum
average particle size is preferably 10 um. The particle system
may have a distribution, and may either be monodispersed or
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have a plurality of peak particle sizes. From the viewpoint that
the viscosity of the curable resin composition tends to be low,
and thus the moldability tends to be better, the coefficient of
variation of the particle size is preferably 10% or less.
(Thermoplastic Resin)

Various thermoplastic resins may be added in the curable
resin composition of the present invention for the purpose of,
for example, improving the properties of the composition.
Various thermoplastic resins are usable, and examples thereof
include, but not limited to, acrylic resins typically exempli-
fied by polymethyl methacrylate resins (for example, Optorez
manufactured by Hitachi Chemical) such as homopolymers
of methyl methacrylate, and random, block or graft copoly-
mers of methyl methacrylate and other monomers, and poly-
butyl acrylate resins such as homopolymers of butyl acrylate,
and random, block or graft copolymers of butyl acrylate and
other monomers; polycarbonate resins (for example, APEC
manufactured by Teijin) such as polycarbonate resins con-
taining a monomer unit such as bisphenol A or 3,3,5-trimeth-
ylcyclohexylidene bisphenol; cycloolefin resins (for
example, APEL. manufactured by Mitsui Chemicals,
ZEONOR and ZEONEX manufactured by Zeon Corpora-
tion, and ARTON manufactured by JSR) such as homopoly-
mer or copolymer resins of norbornene derivatives, vinyl-
monomers, or the like, resins obtained by ring-opening
metathesis polymerization of norbornene derivatives, and
hydrogenation products thereof; olefin-maleimide resins (for
example, TI-PAS manufactured by Tosoh) such as copoly-
mers of ethylene and maleimide; polyester resins (for
example, O-PET manufactured by Kanebo) such as polyes-
ters obtained by polycondensation of bisphenols (e.g. bisphe-
nol A, bis(4-(2-hydroxyethoxy)phenyl)fluorene) or diols
(e.g. diethylene glycol) with phthalic acids (e.g. terephthalic
acid, isophthalic acid) or aliphatic dicarboxylic acids; poly-
ethersulfone resins, polyarylate resins, polyvinyl acetal res-
ins, polyethylene resins, polypropylene resins, polystyrene
resins, polyamide resins, silicone resins, and fluorine resins,
as well as rubbery resins such as natural rubber and EPDM.

The thermoplastic resin may contain a carbon-carbon
double bond reactive with a SiH group or/and a SiH group in
the molecule. In view of higher toughness of a cured product
to be obtained, the thermoplastic resin preferably contains at
least one carbon-carbon double bond reactive with a SiH
group or/and SiH group per molecule on average.

The thermoplastic resin may contain other crosslinkable
groups. Examples of such crosslinkable groups include an
epoxy group, amino group, radical-polymerizable unsatur-
ated groups, carboxyl group, isocyanate group, hydroxyl
group, and alkoxysilyl groups. In view of higher thermal
resistance of a cured product to be obtained, the thermoplastic
resin preferably contains at least one crosslinkable group per
molecule on average.

Although the molecular weight of the thermoplastic resin
is not particularly limited, the number average molecular
weight of the thermoplastic resin is preferably 10,000 or less,
and more preferably 5000 or less, in view of better compat-
ibility with the component (A) and the component (B). Mean-
while, the number average molecular weight of the thermo-
plastic resin is preferably 10,000 or more, and more
preferably 100,000 or more, in view of higher toughness of a
cured product to be obtained. The molecular weight distribu-
tion is also not particularly limited, and is preferably 3 or less,
more preferably 2 or less, and still more preferably 1.5 or less
from the viewpoint that the viscosity of the mixture tends to
be low, and thus the moldability tends to be better.

The amount of the thermoplastic resin added is not particu-
larly limited. The minimum amount of the thermoplastic resin
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is preferably 5% by weight, and more preferably 10% by
weight, of the whole curable resin composition, while the
maximum amount is preferably 50% by weight, and more
preferably 30% by weight, of the whole curable resin com-
position. If the addition amount is smaller, a cured product to
be obtained tends to be brittle. If the addition amount is larger,
the thermal resistance (elastic modulus at high temperatures)
tends to be low.

The thermoplastic resin may be used alone, or a plurality
thereof may be used in combination.

The thermoplastic resin may, for example, be homoge-
neously dissolved in the component (A) or/and the compo-
nent (B) prior to mixing, or be crushed into particles prior to
mixing, or be dissolved in a solvent prior to mixing, for
dispersion. In view of higher transparency of a cured product
to be obtained, the thermoplastic resin is preferably homoge-
neously dissolved in the component (A) or/and the compo-
nent (B) prior to mixing. In this case, the thermoplastic resin
may be directly dissolved in the component (A) or/and the
component (B). Alternatively, the thermoplastic resin may be
homogeneously mixed using a solvent or the like, and the
solvent may then be removed so as to give a homogeneous
dispersion or/and mixture.

In the case of dispersing the thermoplastic resin, various
average particle sizes may be employed; however, the mini-
mum average particle size is preferably 10 nm, and the maxi-
mum average particle size is preferably 10 um. The particle
system may have a distribution, and may either be monodis-
persed or have a plurality of peak particle sizes. From the
viewpoint that the viscosity of the curable resin composition
tends to be low, and thus the moldability tends to be better, the
coefficient of variation of the particle size is preferably 10%
or less.

(Anti-Aging Agents)

An anti-aging agent may be added in the curable resin
composition of the present invention. Examples of the anti-
aging agent include, in addition to anti-aging agents com-
monly used such as hindered phenol anti-aging agents, citric
acid, phosphoric acid, and sulfur anti-aging agents.

Examples of the hindered phenol anti-aging agents include
Irganox 1010 available from Ciba Specialty Chemicals, and
other various agents.

Examples of the sulfur anti-aging agents include mercap-
tans, mercaptan salts, sulfides including sulfide carboxylic
acid esters and hindered phenol sulfides, polysulfides, dithio-
carboxylic acid salts, thioureas, thiophosphates, sulfonium
compounds, thioaldehydes, thioketones, mercaptals, mercap-
tols, monothio acids, polythio acids, thioamides, and sulfox-
ides.

These anti-aging agents may be used alone, or two or more
kinds thereof may be used in combination.

(Radical Inhibitor)

A radical inhibitor may be added in the curable resin com-
position of the present invention. Examples of the radical
inhibitor include phenolic radical inhibitors such as 2,6-di-
tert-butyl-4-methylphenol (BET), 2,2'-methylene-bis(4-me-
thyl-6-tert-butylphenol), and tetrakis(methylene-3-(3,5-di-
tert-butyl-4-hydroxyphenyl)propionate)methane; and aminic
radical inhibitors such as phenyl-f-naphthylamine, a-naph-
thylamine, N,N'-di-sec-butyl-p-phenylenediamine, phe-
nothiazine and N,N'-diphenyl-p-phenylenediamine.

These radical inhibitors may be used alone, or two or more
kinds thereof may be used in combination.

(Ultraviolet Absorber)

An ultraviolet absorber may be added in the curable resin

composition of the present invention. Examples of the ultra-
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violet absorber include 2(2'-hydroxy-3',5'-di-tert-butylphe-
nyl)benzotriazole, and bis(2,2,6,6-tetramethyl-4-piperidine)
sebacate.

These ultraviolet absorbers may be used alone, two or more
kinds thereof may be used in combination.

(Solvent)

The curable resin composition of the present invention may
be dissolved in a solvent before use. Usable solvents are not
particularly limited, and specific examples thereof include
hydrocarbon solvents such as benzene, toluene, hexane and
heptane; ether solvents such as tetrahydrofuran, 1,4-dioxane,
1,3-dioxolane and diethyl ether; ketone solvents such as
acetone, methyl ethyl ketone, and methyl isobutyl ketone; and
halogen solvents such as chloroform, methylene chloride and
1,2-dichloroethane.

As the solvent, toluene, tetrahydrofuran, 1,3-dioxolane,
and chloroform are preferred.

Although various amounts of the solvent may be used, the
minimum amount is preferably 0.1 mL, and the maximum
amount is preferably 10 mL, per g of the curable resin com-
position used. If the amount is smaller, the effects of the
solvent, such as reduction in viscosity, are difficult to obtain,
while if the amount is larger, problems such as thermal crack-
ing due to the solvent remaining in the materials tend to occur.
Moreover, such a larger amount is disadvantageous in cost,
thereby lowering the industrial utility value.

The solvent may be used alone, or two or more thereof may
be used as a mixed solvent.

(Additives for Light-Emitting Diode)

Furthermore, the curable resin composition of the present
invention may contain additives for improving various prop-
erties of light-emitting diodes as needed. Examples of the
additives include: phosphors which, when they absorb light
from light-emitting elements, emit long-wavelength fluores-
cent light, such as cerium-doped yttrium-aluminum-garnet
phosphors; colorants which absorb specific wavelengths,
such as blueing agents; diffusing materials for diffusing light,
such as titanium oxide, aluminum oxide, melamine resin,
CTU guanamine resin, and benzoguanamine resin; and heat
conductive fillers including metal oxides such as aluminosili-
cate, and metal nitrides such as aluminum nitride and boron
nitride.

The additives for improving the properties of light-emit-
ting diodes may be contained uniformly or with a concentra-
tion gradient.

(Mold Release Agent)

In order to improve the mold releasability during molding,
various mold release agents may be added in the curable resin
composition of the present invention.

Example of the mold release agents include the component
(G) explained above, and waxes. Examples of the waxes
include natural waxes, synthetic waxes, oxidized or nonoxi-
dized polyolefins, and polyethylene waxes.

Here, itis better not to use the mold release agent in the case
where sufficient moldability can be ensured without addition
of the mold release agent.

(Other Additives)

Other additives such as colorants, flame retardants, flame
retardant promoters, surfactants, antifoaming agents, emulsi-
fiers, leveling agents, cissing inhibitors, ion trapping agents
such as antimony-bismuth compounds, thixotropic agents,
tackifiers, storage stability improvers, antiozonants, photo-
stabilizers, thickeners, plasticizers, reactive diluents, antioxi-
dants, thermal stabilizers, electrical conductivity-imparting
agents, antistatic agents, radiation blockers, nucleating
agents, phosphorus-based peroxide decomposers, lubricants,
pigments, metal deactivators, thermal conductivity-impart-
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ing agents and property modifiers may be added in the curable
resin composition of the present invention as long as they do
not impair the objects and effects of the present invention.
(B-Staging)

With regard to the curable resin composition of the present
invention, ingredients including the components and addi-
tives may be used as they are, or may be used after partially
reacted (B-staged) by heating or the like. B-staging enables
viscosity adjustment and adjustment of moldability during
transfer molding. Moreover, B-staging has an effect in further
suppressing shrinkage on curing.

(Properties of Curable Resin Composition)

As the curable resin composition of the present invention,
compositions formed from various combinations as men-
tioned above can be used. In view of good moldability during
transfer molding or the like, curable resin compositions hav-
ing fluidity at temperatures of 150° C. or lower are preferred.

The curability of the curable resin composition may be
appropriately set. In view of short molding cycle, the gelation
time at 120° C. is preferably 120 seconds or shorter, and more
preferably 60 seconds or shorter. The gelation time at 150° C.
is preferably 60 seconds or shorter, and more preferably 30
seconds or shorter. The gelation time at 100° C. is preferably
180 seconds or shorter, and more preferably 120 seconds or
shorter.

The above gelation time is measured as follows. An alumi-
num foil having a thickness of 50 um is placed on an electric
hot plate set to a predetermined temperature, and 100 mg of a
curable resin composition is put on the foil. Then, the time
thereafter until the curable resin composition is gelated is
measured and determined as the gelation time.

In the production process using the curable resin compo-
sition, from the viewpoint that processing problems due to
formation of voids in the curable resin composition and out-
gassing from the curable resin composition are unlikely to
occur, the composition preferably shows a weight loss during
curing of at most 5% by weight, more preferably at most 3%
by weight, and still more preferably at most 1% by weight.

The weight loss during curing is determined as follows. A
sealant in an amount of 10 mg is heated from room tempera-
tureto 150° C. at a temperature increase rate of 10° C./min by
using a thermogravimetric analyzer, and then the ratio of the
weight lost to the initial weight is defined as the weight loss.

From the viewpoint that the curable resin composition is
unlikely to cause a problem of silicone contamination when
used for electronic materials, volatiles from the curable resin
composition in this case preferably have a Si atom content of
1% or less.

(Properties of Cured Product)

In view of good thermal resistance, a cured product
obtained by curing the curable resin composition preferably
has a Tg of at least 100° C., and more preferably at least 150°
C.

This Tg is determined as follows. A tan d peak temperature
obtained in a dynamic viscoelasticity measurement (using
DVA-200 produced by IT Keisoku Seigyo) with a 3 mmx5
mmx30 mm prismatic sample under the conditions of: tensile
mode; measurement frequency of 10 Hz; strain of 0.1%;
static/dynamic load ratio of 1.5; and temperature increase rate
of' 5° C./rain is defined as Tg.

In addition, from the viewpoint that problems such as ion
migration are less likely to occur to a lead frame or the like,
and the reliability is improved, the content of ions extracted
from the cured product is preferably less than 10 ppm, more
preferably less than 5 ppm, and still more preferably less than

1 ppm.
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In this case, the content of extracted ions is determined in
the following manner. Cut pieces of a cured product (1 g) are
put together with 50 mL of ultrapure water into a Teflon
(registered trademark) container, and the container is then
sealed and treated at 121° C. and 2 atm for 20 hours. The
obtained extract is analyzed by ICP mass spectrometry (using
HP-4500 produced by Yokogawa Analytical Systems), and
the obtained values of the contents of Na and K are converted
into concentrations in the cured product used. Meanwhile, the
same extract is analyzed by ion chromatography (using
DX-500 produced by Dionex; column: AS12-SC), and the
obtained values of the contents of Cl and Br are converted into
concentrations in the cured product used. The contents of Na,
K, ClI and Br in the cured product thus obtained are summed
and the sum is defined as the content of extracted ions.

The linear expansion coefficient of the cured product is not
particularly limited; however, in terms of higher adhesion to
metal such as a lead frame or ceramics or the like, the average
linear expansion coefficient between 23° C. and 150° C. is
preferably at most 30 ppm, more preferably at most 20 ppm,
and still more preferably at most 10 ppm.

Preferably, a cured product of the curable resin composi-
tion of the present invention has a spectral reflectance of 80R
% or more at 420 nm, 440 nm, and 460 nm, and has a spectral
reflectance retention rate ([spectral reflectance after thermal
resistance test|/[initial spectral reflectance]x100) of 90% or
more after a thermal resistance test at a temperature of 180° C.
for 72 hours.

The spectral reflectance of the cured product is determined
as follows.

Spectral reflectances at wavelengths of 400 nm to 700 nm
(20 nm interval) are measured using a micro spectrocolorim-
eter (VSS400 produced by NIPPON DENSHOKU INDUS-
TRIES CO., LTD). Here, an average of values measured at
arbitrary four points (measurement area: 0.1 mm¢) on the
upper surface of the package is defined as the measured value
at each wavelength.

In view of higher light extraction efficiency of light-emit-
ting diodes, the spectral reflectance is preferably 75% or
more, and more preferably 80% or more, in a wavelength
range of 420 nm to 700 nm.

Also, the retention rate of a spectral reflectance after a
thermal resistance test (for example, test with heating at 180°
C. in an oven for 72 hours) to an initial spectral reflectance is
determined according to the following equation:

Retention rate (%)=(spectral reflectance after thermal
resistance test)/(initial spectral reflectance)x100.

In view of high reliability in use for electronic materials,
the retention rate is preferably 80% or more, more preferably
85% or more, and still more preferably 90% or more.

A surface of a molded article formed by curing the curable
resin composition of the present invention preferably has a
light reflectance at a wavelength of 470 nm of 90% or more,
more preferably 95% or more, still more preferably 97% or
more, and particularly preferably 99% or more.

The light reflectance of the surface can be measured as
follows.

A void-free molded article having a thickness of 0.5 mm is
prepared by press-molding under a predetermined tempera-
ture condition using a PET film as a mold release film. The
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obtained molded article is subjected to predetermined post-
curing as necessary. The total reflection at a wavelength of
470 nm of the resulting molded article is measured using a
spectrophotometer equipped with an integrating sphere to
determine the light reflectance.

(Curable Resin Composition Tablet)

The curable resin composition of the present invention may
be formed into curable resin composition tablets when it
contains at least the component (F) in addition to the compo-
nents (A) to (E).

Specifically, the curable resin composition tablet charac-
teristically contains the components (A) and (B), at least one
of which is a liquid having a viscosity of at most 50 Pa-s ata
temperature of 23° C., the component (C) for curing the
components (A) and (B), the components (E) and (F), which
are both powder, as well as the component (D). Regarding the
curable resin composition tablet, the whole curable resin
composition becomes flowable when the viscosities of the
components (A) and (B) are reduced at high temperatures.
When heating is further continued, a curing reaction proceeds
to allow molding into desired shapes.

The molding method is not particularly limited, and meth-
ods generally employed for molding curable resin composi-
tions, such as transfer molding and compression molding,
may be used. In such molding methods, if the curable resin
composition as a material is in the form of paste or clay, a
given shape cannot be maintained so that mutual adhesion,
integration, or deformation occurs. Thus, itis very difficult to
measure or transfer the curable resin composition, and supply
it to a molding machine. In contrast, if the curable resin
composition is in a tablet form, it can be easily measured,
transferred, or supplied to a molding machine and also allows
automation, which significantly increases productivity. The
tablets herein refer to solid bodies which each maintain a
given shape at room temperature, do not practically change in
shape with time, and do not adhere to or integrate one another
when contacted to one another.

The shape of the tablet of the present invention is not
particularly limited, and examples thereof include a cylindri-
cal shape, a prismatic shape, a disk shape, a spherical shape,
and the like. A cylindrical shape that is common for transfer
molding is preferred.

The total ratio (hereinafter, also referred to as filling pro-
portion) of the component (E) and the component (F) is
preferably 70% to 95% by weight of the curable resin com-
position tablet of the present invention. The ratio between the
component (E) and the component (F) in the filling propor-
tion is not particularly limited, and may be freely set.

Inthe case of the filling proportion of not more than 70% by
weight, the following problems may occur: a cured product to
be obtained has an excessively high coefficient of thermal
expansion, leading to changes in the size of the molded
article; or the resulting curable resin composition is in the
form of hard paste or clay so that it cannot be formed into
tablets. In the case of the filling proportion of not less than
95% by weight, the viscosity at high temperatures may be too
high, deteriorating the moldability, or tablets to be obtained
may be too brittle.

Inthe curable resin composition of the present invention, in
the case where at least one of the component (A) and the
component (B) is liquid at normal temperature, the curable



US 9,178,120 B2

51

resin composition tends to be in the form of paste or clay
when the filling proportion is low. In this case, although the
curable resin composition cannot be formed into tablets, it
tends to have better moldability at high temperatures. In con-
trast, in the case of high filling proportion, the curable resin
composition tends to be in the form of flake or powder due to
a low amount of flowing components. These forms can be
pressed into tablets by compression; however, they tend to
have poor fluidity at high temperatures, leading to lower
moldability. Conventionally, it has been difficult to achieve
both formability into tablets and moldability by simply
increasing the filling proportion.

However, the inventors of the present invention have found
that it is possible for the curable resin composition of the
present invention to ensure both formability into tablets and
moldability if particles having a size of 12 um or less account
for 40% by volume or more of the total powder of the com-
ponent (E) and the component (F).

The reason is presumably thought as follows. In a mixed
system of liquids and particles, the liquid components are
supposed to cover the surface of the particles, and excess
liquid components remaining after covering all the particles
are considered to contribute to deformation. Hence, even
when the filling proportion is the same, the larger the propor-
tion of small particles, the greater the total surface area, and in
turn, the larger amount of the liquid components is required
for covering. This is thought to be why deformation tends not
to occur. Since the viscosity of liquid significantly decreases
at high temperatures, changes in fluidity at high temperatures
are small when the proportion of small particles varies. At low
temperatures, on the other hand, since the viscosity is high, a
composition containing a large proportion of small particles
is thought to fail to flow like a paste or clay form, and there-
fore have a flake or powder form.

In other words, by increasing the proportion of small par-
ticles in particles, it is possible to harden a curable resin
composition at normal temperature while maintaining its flu-
idity obtainable at high temperatures. This finding is not
obvious from the literatures (JP-A 2008-112977, JP-A 2009-
155415) teaching the use of epoxy resin or silicone resin
which are solid at normal temperature, or from Patent Litera-
ture 3 which does not teach the particle size distribution but
only describes the average particle size.

(Semiconductor Package)

The semiconductor package herein refers to a member
provided in order to support and immobilize or/and protect a
semiconductor element or/and an external lead-out electrode
or the like. The semiconductor package may be one not
directly covering a semiconductor element but supporting
and immobilizing an external lead-out electrode or the like, or
may be one forming a periphery or bottom of a semiconductor
element, such as reflectors of light-emitting diodes.

Examples of the semiconductor element in this case
include various semiconductor elements, for example, inte-
grated circuits such as ICs and LSIs, elements such as tran-
sistors, diodes and light-emitting diodes, and light-receiving
elements such as CCDs.

The form of the semiconductor package is not particularly
limited. The effects of the present invention tend to be better
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achieved particularly if the semiconductor package substan-
tially has a form (MAP type) in which resin is formed on one
surface of metal.

Inthe case where, for example, the semiconductor package
of the present invention does not directly cover a semicon-
ductor element as mentioned earlier, a sealant may also be
used for sealing. Examples of the usable sealant include con-
ventionally used sealing resins such as epoxy resin, silicone
resin, acryl resin, urea resin, and imido resin. Moreover, seal-
ants made of curable resin compositions each containing an
aliphatic organic compound having at least two carbon-car-
bon double bonds reactive with SiH groups per molecule, a
compound containing at least two SiH groups per molecule,
and a hydrosilylation catalyst, as proposed in JP-A 2002-
80733 and JP-A 2002-88244, may be used. Use of such a
sealant is preferred from the viewpoint that higher adhesion to
the package resin is achieved, and that an effect of the present
invention, high light resistance, is remarkably shown due to
high transparency. Also, sealing can be carried out by her-
metic sealing by covering with glass or the like without any
resin sealant.

Furthermore, a lens may also be used in the case of light-
emitting diodes, light-receiving elements and the like. It is
also possible to mold a sealant into a lens shape so that the
sealant functions as lens.

(Molding Method)

With regard to the molding method of the semiconductor
package according to the present invention, various methods
are applicable. For instance, various molding methods gen-
erally used for thermoplastic resins or thermosetting resins
(e.g. epoxy resin, silicone resin) may be used, such as injec-
tion molding, transfer molding, RIM molding, casting mold-
ing, press molding, and compression molding. Of these,
transfer molding is preferred from the viewpoint that the
molding cycle is shorter and the moldability is better.
Although the molding conditions, for example the molding
temperature, can be appropriately set, the molding tempera-
ture is preferably not lower than 100° C., more preferably not
lower than 120° C., and still more preferably not lower than
150° C., in terms of more rapid curing, shorter molding cycle,
and better moldability. It is also optional to carry out post-
curing (after-cure) as needed after molding by the aforemen-
tioned various methods. Post-curing tends to lead to higher
thermal resistance.

The molding may be performed at a constant temperature,
or may be performed while the temperature is changed in
multiple steps or continuously as needed. Rather than a reac-
tion at a constant temperature, a reaction at temperatures
increasing in multiple steps or continuously is preferred from
the viewpoint that distortion-free, homogeneous cured prod-
ucts are easily obtained. On the other hand, from the view-
point that the molding cycle can be shortened, curing at a
constant temperature is preferred.

Although various curing times may be employed, rela-
tively a long time reaction at low temperatures is preferred
rather than a short time reaction at high temperatures, from
the viewpoint that distortion-free, homogeneous cured prod-
ucts are easily obtained. On the other hand, from the view-
point that the molding cycle can be shortened, a short time
reaction at high temperatures is preferred.
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Various pressures during molding may be employed as
needed, and molding can be carried out under ordinary pres-
sure, high pressure, or reduced pressure. Curing under
reduced pressure is preferred from the viewpoint that forma-
tion of voids can be suppressed, better filling property is
achieved, and it is easy to remove possible volatiles. Curing
under increased pressure is preferred from the viewpoint that
cracks in the molded article can be prevented.

(Applications of Light-Emitting Diode)

The semiconductor of the present invention can be used in
various conventionally known applications. Specifically, it
can be used in applications including LS is such as Logic and
Memory LSIs, various sensors, and light-emitting or receiv-
ing devices. Moreover, in the case where the semiconductor is
a light-emitting diode, it can also be used in various conven-
tionally known applications. Specifically, it can be used in
applications including backlights for liquid crystal display
devices and the like, lighting devices, sensor light sources,
vehicle instrument light sources, signaling lights, indicator
lights, indicating devices, light sources of planar light emit-
ters, displays, ornaments, various lights, and the like.
(Warpage)

In the case where the curable resin composition of the
present invention is molded on one surface of a lead frame for
light-emitting diodes to form a package, a warpage of the
package is preferably at most 1.0 mm.

The warpage is measured based on a method for measuring
the maximum warpage described in JIS C 6481. Specifically,
a semiconductor package is vertically hung at the center of
one side thereof, and a straight edge ruler is applied in parallel
with the side. The straight edge ruler is further applied on a
concave surface of the semiconductor package. Using a metal
rule, the largest distance between the straight edge ruler and
the substrate surface of the semiconductor package is mea-
sured in mm unit. In the case where the resin is molded on the
concave surface of the semiconductor package, the largest
distance between the straight edge ruler and the resin surface
formed on the semiconductor package is measured in mm
unit using the metal rule. Then, a value obtained by subtract-
ing the thickness of the resin from the measured value is
rounded in mm unit.

The same measurements are successively performed on
other sides, and the maximum value among the obtained
largest distances is defined as warpage. Here, the semicon-
ductor package described in (Molding method) in
EXAMPLES was used for the measurement of warpage.

EXAMPLES

Examples and comparative examples of the present inven-
tion are shown below; however, the present invention is not
limited thereto.

Synthesis Example 1

A stirrer, a drip funnel and a condenser tube were set in a
four-necked 5-L. flask. To this flask were added 1,800 g of
toluene and 1,440 g of 1,3,5,7-tetramethylcyclotetrasiloxane,
which were then heated and stirred in an oil bath at 120° C. A
mixed solution of 200 g of triallyl isocyanurate, 200 g of
toluene and 1.44 mL of a xylene solution (platinum content:
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3% by weight) of platinum-vinyisiloxane complex was added
dropwise over 50 minutes. The obtained solution was heated
and stirred as it was for 6 hours, and then unreacted 1,3,5,7-
tetramethylcyclotetrasiloxane and toluene were removed in
vacuo. It was found by '"H-NMR measurement that the prod-
uct had the following structure obtained by a reaction of part
of the SiH groups of 1,3,5,7-tetramethylcyclotetrasiloxane
with triallyl isocyanurate.
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CH;
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CH; o—gi” RNPLNGZS Ngi—o_ CHs
N \ / N/
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o) si—" N\ Si 0
Nsim0” N / No—sil
oy | CH o ci | ~CH;
H
Synthesis Example 2

A 2-1, autoclave was charged with 720 g of toluene and 240
g of 1,3,5,7-tetramethylcyclotetrasiloxane, which, after the
gas phase was replaced by nitrogen, were heated and stirred at
a jacket temperature of 50° C. A mixed solution of 171 g of
allyl glycidyl ether, 171 g of toluene and 0.049 g of a xylene
solution (platinum content: 3% by weight) of platinum-viny-
isiloxane complex was added dropwise over 90 minutes.
After completion of the dropwise addition, the jacket tem-
perature was raised to 60° C., a reaction was allowed to
proceed for 40 minutes, and the reaction rate of allyl groups
was verified to be at least 95% by 'H-NMR. A mixed solution
of' 17 g of triallyl isocyanurate and 17 g of toluene was added
dropwise, then, the jacket temperature was raised to 105° C.,
and a mixed solution of 66 g of triallyl isocyanurate, 66 g of
toluene and 0.033 g of a xylene solution (platinum content:
3% by weight) of platinum-vinylsiloxane complex was added
dropwise over 30 minutes. Four hours after completion of the
dropwise addition, the reaction rate of allyl groups was veri-
fied to be at least 95% by "H-NMR, and the reaction was then
stopped by cooling. The ratio of unreacted 1,3,5,7-tetrameth-
ylcyclotetrasiloxane was 0.8%. Unreacted 1,3,5,7-tetrameth-
ylcyclotetrasiloxane, toluene, and byproducts of allyl gly-
cidyl ether ((cis and trans) products via internal
rearrangement of the vinyl group of allyl glycidyl ether) were
removed in vacuo so as to be present in at most 5,000 ppm in
total, so that a colorless transparent liquid was obtained. It
was found by 'H-NMR measurement that the product was a
compound obtained by a reaction of part of the SiH groups of
1,3,5,7-tetramethylcyclotetrasiloxane with allyl glycidyl
ether and triallyl isocyanurate, and having the following
structure on average.
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Formulation Examples 1 to 4

Components were mixed in the proportions shown in Table
1 to prepare compositions A to D.
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subjected to post-curing in an ovenat 150° C. for one hour and
at 180° C. for 0.5 hours. The linear expansion coefficients of

3 the resulting samples were measured by thermomechanical

analysis (TMA). TMA measurement method was as follows.
The tablet-shaped molded samples with an inner size of
20x20x4.0 mm (in thickness) were cut into a size of 20x10x

TABLE 1
Formulation Formulation Formulation Formulation
Example 1 Example 2 Example 3 Example 4
Composition A Composition B Composition C  Composition D
Component  Triallyl isocyanurate 402 g 29¢g 194 ¢ 583¢g
(A) Diallyl monoglycidyl 28.1¢g 139¢ 4171 g
isocyanurate
Component  Product of Synthesis Example 1 59.8¢g 293 ¢g 88.21g
(B) Product of Synthesis Example 2 69.0 g 374¢g 11248 g
Component  Xylene solution of platinum- 0.050 g 0.018 g 0029 g 0.09 g
(®)] vinylsiloxane complex
Curing 1-Ethynyl-1-cyclohexanol 03g 0lg 02g 049 g
retardant
Examples 1 to 5 and Comparative Example 1 4.0 mm with a diamond cutter. Using a thermal analyzer
5o (TMA 4000SA, produced by BRUKER), changes in the size

Components were mixed in the proportions shown in Table
2 to prepare curable resin compositions according to the
present invention.

Measurement Example 1

The curable resin compositions were press-molded at a
temperature of 150° C. Molded articles thus obtained were

55

of'the sample in the 20 mm-direction were measured when the
temperature was raised to 280° C. at a temperature increase
rate of 5° C./min, held for 20 minutes, and cooled to room
temperature in compression mode. Tg was defined as the
onset of change in the slope of a chart during heating, and the
linear expansion coefficient al not higher than the Tg and the
linear expansion coefficient a2 not lower than the Tg were
determined.

TABLE 2
Comparative
Example 1 Example 2 Example 3 Example4 Example 5 Example 1
Composition Composition A 50 50
Composition B 50 50 100
Composition C 50
Component (D) PVD-2331%* 50 50 50 50 27
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TABLE 2-continued
Comparative
Example 1 Example 2 Example 3 Example4 Example5 Example 1

Component (F) Titanium oxide (PC-3*%*) 300 300 239

Titanium oxide (R-820**) 250 250 250
Component (E) Silica (MSR-3500%**) 550 710 550 710 550

Silica (MSR-2212-TN***) 557
Linear expansion coefficient (average linear
expansion coefficient between 23° C. and 69ppm  50ppm 161ppm 91ppm 11.0ppm  33.0 ppm

150° C)

Values of the components are shown as relative percentages by weight. In the Examples and Comparative Example, components in predetermined
proportions were weighed so as to be 100 g in total, and homogeneously mixed to prepare curable compositions.
*produced by Gelest, linear methyl phenyl silicone containing a vinyl group at both terminals (the amount of phenyl groups is 22 to 25 mol % of the

total substituents)
**produced by Ishihara Sangyo Kaisha, Ltd.

*#**produced by Tatsumori Ltd.

As shown in Table 2, the curable resin compositions of the
present invention resulted in small linear expansion coeffi-
cients.

The curable resin composition in Example 5 was subjected
to transfer molding with a silver-plated copper lead frame to
give a package having a form (MAP type) in which resin is
formed on one surface of metal. The molding was performed
under the following conditions.

20

mmé) on the upper surface of the package was defined as the
measured value at each wavelength. Also, the retention rate of
a spectral reflectance after a thermal resistance test (test with
heating at 180° C. in an oven for 72 hours) to an initial spectral
reflectance was determined according to the following equa-
tion:
Retention rate (1)=(spectral reflectance after thermal
resistance test)/(initial spectral reflectance)x100.

Table 3 shows the results of spectral reflectance.

TABLE 3

Spectral reflectance (R %)

Comparative Comparative Comparative Comparative Comparative

Example 5 Example 2 Example 3 Example 4  Example 5 Example 6

420 nm  Initial 86 83 58 65 63 72

After thermal 85 60 10 16 6 14

resistance test

(at 180° C. for 72

hours)

Retention rate(%) 99 73 17 25 9 20
440 nm  Initial 94 89 64 71 67 76

After thermal 92 65 12 21 7 16

resistance test

(at 180° C. for 72

hours)

Retention rate(%) 98 74 19 29 10 21
460 nm Initial 95 90 68 75 70 79

After thermal 93 69 15 26 8 17

resistance test

(at 180° C. for 72

hours)

Retention rate(%) 99 76 22 34 12 22

Comparative Example 2: Package LED equipped with EVERLEDS produced by Panasonic Corporation
Comparative Example 3: NSSM009B produced by Nichia Corporation

Comparative Example 4: XW1147B produced by Stanley

Comparative Example 5: LBG6SP-V2BB-35-1 produced by OSRAM

Comparative Example 6: LWG6SP-CBEA-5KS8L-1 produced by OSRAM

Molding temperature: 170° C.
Molding time: 180 seconds
Molding pressure: 7.8 to 13.7 MPa
Curing was then performed at 180° C. for one hour after the
molding.

Measurement Example 2

The package of the curable resin composition prepared by
the above molding and packages of Comparative Examples 2
to 6 were measured for the spectral reflectance at wavelengths
of 400 nm to 700 nm (20 nm interval) by using a micro
spectrocolorimeter (VSS400 produced by NIPPON DEN-
SHOKU INDUSTRIES CO., LTD). Here, an average of val-
ues measured at arbitrary four points (measurement area: 0.1
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FIGS. 1 and 2 show the initial spectral reflectances and
spectral reflectances after the thermal resistance test at 180°
C. in Example 5 and Comparative Examples 1 and 2.

Examples 6 to 8, Comparative Examples 7 to 9

Table 4 shows the formulation proportions of the compo-
nents of the curable resin compositions. The following mate-
rials were used for the component (D), the component (E),
and the component (F).

(Component (D))

PDV2331 (diphenyl dimethy! silicone containing a vinyl
group at both terminals thereof, produced by Gelest)
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(Component (E))

Spherical silica (produced by TATSUMORI LTD.; MSR-
3500; specific gravity: 2.2; average particle size: 36.5 um;
content of particles having a size of 12 um or less: 19%)

Spherical silica (produced by TATSUMORI LTD.; MSR-
2212-TN; specific gravity: 2.2; average particle size: 24.8
um; content of particles having a size of 12 um or less: 28%)

Spherical silica (produced by Admatechs; Admafine SO-
C2; specific gravity: 2.2; average particle size: 0.5 pm; con-
tent of particles having a size of 12 um or less: 100%)
(Component (F))

Titanium oxide (produced by ISHIHARA SANGYO KAI-
SHA, LTD.; Tipaque PC-3; rutile type; specific gravity: 4.2;
chloride process; organic compound on surface: Al, Si; poly-
methylhydrogensiloxane; average particle size: 0.21 pm;
content of particles having a size of 12 um or less: 100%)

60

surface has ¢1.8 mm (taper angle: 15°), and the height is 0.55
mm, and an electrode slit having a width of 0.20 mm formed
of' a white compound obtained by curing the curable resin
composition of the present invention is vertically provided at
a position 0.45 mm from the right side along the horizontal
diameter. A space between the reflectors is 1.1 mm in both of
the longitudinal and lateral diameter directions. The lead
frame and the die are not particularly limited as long as a
reflector with a lead frame satisfying the above requirements
can be produced. FIG. 3 shows a conceptual diagram of the
molded article.

The transfer molding was performed using a C-Line
manual press produced by Apic Yamada Corporation. The
mold clamping force was 30 ton, the injection pressure was 8
MPa, and the injection rate was 3 mm/s. An amount of 5.0 g
of'a white compound was weighed out, formed into a cylin-

TABLE 4
Comparative Comparative Comparative
Example 6 Example 7 Example 8 Example 7 Example 8 Example 9
wt% vol% wt% vol% wt% vol% wt% vol% wt% vol% wt% vol%
Composition A 34 6.6 27 53 24 49 78 160 9.0 17.0
Composition B 38 74 3.1 6.1 28 5.6 8.1 16.0
Component (F) Titanium PC-3 27.8 150 274 150 27.1 150 209 11.2 27.0 150 250 14.0
oxide
Component (E) Spherical MSR-3500 612 625 52.0 54.0
silica
MSR-2212-TN 638 665 649 68.0 71.0 727 652 69.0
SO-2C 14.0 15.0
Component (D) PDV-2331 3.8 85 3.1 71 28 65
Appearance of resin Paste Tablet Tablet Tablet Tablet Tablet
Warpage before PMC <1.0 <1.0 <1.0 0.0 5.0 3.0
Warpage after PMC 1.0 1.0 1.0 5.0 5.0< 3.0<
Reflectance at 470 nm (%)(after PMC) 100 100 100 100 100 100

PMC: Post-curing condition

(Formulation of Curable Resin Composition)

A preliminarily-mixed powder of the component (F) and
the component (E) was added little by little to a separately-
prepared mixed solution of the compositions A and B and the
component (D), and then mixed and kneaded. In the case
where the resulting curable resin composition was in a paste
form, the composition was homogenized by mixing and
kneading with a stirring rod. In the case of a clay form, it was
homogenized by repetition of flattening with a round bar-
shaped jig, folding and then flattening again. In the case of a
flake or powder form, it was homogenized by grinding in a
mortar.

(Forming into Tablet)

In the case where the prepared curable resin composition
was in a flake or powder form, it was compressed into tablets
with a tableting jig including metal mortars and pestles.

Table 4 shows the final formulation proportions of the
components of the curable resin compositions and the appear-
ance of the resins.

(Molding Method)

The curable resin compositions of Examples 6 to 8 and
Comparative Examples 7 to 9 shown in Table 4 were each
molded on one surface of a lead frame for light-emitting
diodes to prepare a package for light-emitting diodes of MAP
type (a type of semiconductor packages substantially having
a form in which resin is formed on one surface of metal).

An Ag-plated copper lead frame having a size of 50 mm in
length, 55 mm in width, and 0.25 mm in thickness is prepared.
The MAP after molding includes a total of 180 pieces of
reflectors with vertical 15 rows and horizontal 12 rows. In
each reflector, the upper surface has 2.1 mm, the bottom
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drical shape, loaded in a cylinder, and molded. The molding
conditions were a temperature of 150° C. and a time of 5
minutes. The molded product was subjected to post-curing
(after-cure) in a hot air oven at 150° C. for one hour and
subsequently at 180° C. for 30 minutes.
(Warpage)

Warpage was measured by the following method based on
a method of measuring the maximum warpage described in
JIS C 6481. A semiconductor package was vertically hung at
the center of one side thereof, and a straight edge ruler was
applied on a concave surface of the semiconductor package,
in parallel with that side. Using a metal rule, the largest
distance between the straight edge ruler and the substrate
surface of the semiconductor package was then measured in
mm unit. In the case where the resin was molded on the
concave surface of the semiconductor package, the largest
distance between the straight edge ruler and the resin surface
formed on the semiconductor package was measured in mm
unit using the metal rule. Then, a value obtained by subtract-
ing the thickness of the resin from the measured value was
rounded in mm unit. The same measurements were succes-
sively performed on other sides, and the maximum value
among the measured largest distances was defined as
warpage. Table 4 shows the measurement results.

Comparison between the examples and the comparative
examples reveals that the addition of the component (D)
provided semiconductor packages with a warpage of at most
1.0 mm.
(Light Reflectance at Wavelength of 470 nm)

The curable resin compositions in Table 4 were press-
molded at 150° C. for 5 minutes using a stainless steel
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(SUS304) rectangular mold with an inner size of 80 mmx50
mm and a thickness of 0.5 mm, and a PET film as a mold
release film. The produced rectangular plate-shaped press-
molded articles were post-cured in an oven at 150° C. for one

hour and at 180° C. for 0.5 hours. The light reflectance ata 5

wavelength of 470 nm of the obtained molded articles was
measured using a spectrophotometer equipped with an inte-
grating sphere (produced by JASCO Corporation; UV-visible
spectrophotometer V-560). The reflectance was measured

using a spectralon plate produced by Labsphere, Inc., as the 10

standard plate. Table 4 shows the measurement results.

Examples 9 to 11

15

Table 5 shows the formulation proportions of the compo-
nents of the curable resin compositions. The materials used
are as follows.

(Component (D))

PDV2331 (diphenyl dimethyl silicone containing a vinyl 20

group at both terminals thereof, produced by Gelest)
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(Component (E))

Spherical silica (produced by TATSUMORI LTD.; MSR-
3500; specific gravity: 2.2; average particle size: 36.5 um;
content of particles having a size of 12 um or less: 19%)
(Component (F))

Titanium oxide (produced by ISHIHARA SANGYO KAI-
SHA, LTD.; Tipaque CR-60; rutile type; specific gravity: 4.2;
chloride process; surface treatment: aluminum compound;
average particle size: 0.21 um; content of particles having a
size of 12 um or less: 100%)

Titanium oxide (produced by ISHIHARA SANGYO KAI-
SHA, LTD.; Tipaque PC-3; rutile type; specific gravity: 4.2;
chloride process; surface treatment: aluminum compound,
silicon compound, organosilicon compound; average particle
size: 0.21 pum; content of particles having a size of 12 pm or
less: 100%)

Titanium oxide (produced by ISHIHARA SANGYO KAI-
SHA, LTD.; Tipaque PF 690; rutile type; specific gravity: 4.2;
chloride process; surface treatment: aluminum compound,
silicon compound, organic compound; average particle size:
0.21 pm; content of particles having a size of 12 pum or less:
100%)

TABLE 5
Example 9 Example 10 Example 11
Titanium oxide
CR-60 PC-3 PF690
Surface treatment

Inorganic compound

Aluminum compound
Silica compound

Aluminum compound
Silica compound
Organic compound

Aluminum compound

None Organosilicon compound Organic compound
wt % vol % wt % vol % wt % vol %
Composition A prepared in Formulation 34 6.6 34 6.6 3.4 6.6
Example 1
Composition B prepared in Formulation 3.8 74 3.8 7.4 3.8 74
Example 2
Component (F) Titanium oxide 27.8 15.0 27.8 15.0 27.8 15.0
Component (E) MSR-3500 61.2 62.5 61.2 62.5 61.2 62.5
Component (D) PDV-2331 3.8 8.5 3.8 8.5 3.8 8.5

Table 6 shows the final proportions of the components (A),
B), (©), (D), (E), and (F).

TABLE 6
Example 9 Example 10 Example 11
wt % vol % wt % vol % wt % vol %

Component (A) 2.5 4.9 2.5 4.9 2.5 4.9
Component (B) 4.6 9.0 4.6 9.0 4.6 9.0
Component (C) Trace Trace Trace Trace Trace Trace

amount  amount amount amount amount amount
Component (F) 27.8 15.0 27.8 15.0 27.8 15.0
Component (E) 61.2 62.5 61.2 62.5 61.2 62.5
Component (D) 3.8 8.5 3.8 8.5 3.8 8.5
Curing retardant Trace Trace Trace Trace Trace Trace

amount  amount amount amount amount amount
Width of test piece [mm] 7.54 7.47 7.51
Thickness of test piece [mm] 0.55 0.58 0.71
Area [mm?] 4.18 4.35 5.33
Maximum load [kgf] 0.20 0.17 0.21
Maximum stress [kPa] 48.8 399 39.2
Light reflectance (%) at a 99 100 100

wavelength of 470 nm
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(Formulation of Curable Resin Composition)

A preliminarily-mixed powder of the component (F) and
the component (E) was added little by little to a separately-
prepared mixed solution of the compositions A and B and the
component (D), and then mixed and kneaded. The resulting
curable resin composition was homogenized by repetition of
flattening with a round bar-shape jig, folding and then flat-
tening again. In the case of a flake or powder form, it was
homogenized by grinding in a mortar.

(Preparation of Flat Plate by Heat-Curing of Curable Resin
Composition)

The curable resin compositions in Table 5 were press-
molded at 150° C. for 5 minutes using a stainless steel
(SUS304) rectangular mold with an inner size of 80 mmx50
mm and a thickness of 0.5 mm, and a PET film as a mold
release film. The produced rectangular plate-shaped press-
molded articles were post-cured in an oven at 150° C. for one
hour and at 180° C. for 0.5 hours so that flat plates were
prepared.

(Method of Measuring Strength)

Test pieces each having a length of at least 50 mm but not
more than 80 mm and a width of approximately 7 mm to 8
mm, and having two opposite sides parallel to each other,
were cut out from the prepared flat plates. As shown in F1G. 4,
each test piece was set between metal fulcrums having a
rectangular-parallelepiped shape with round edges, in a man-
ner that the shape of the test piece between the fulcrums was
rectangular. The width and thickness of the test piece were
measured in 0.01 mm unit at three points located between the
fulcrums, and the respective average values were determined
as measurement results. The area was calculated from the
determined width and thickness of the test piece. Using a
texture analyzer (Ta. Plus, produced by Stable Micro Systems
Ltd.), load was applied to the test piece at the center thereof at
a rate of 2.0 mm/sec by a pressure wedge made of glass,
having a right triangle shape with round edges and having a
width of 10 mm. The load (maximum load) when the test
piece broke was measured. An average value of five measure-
ments was determined as a measurement result. The maxi-
mum stress was calculated by dividing the maximum load by
the area.

Table 6 shows the measurement results. The results reveal
that the maximum load was larger in the case of using tita-
nium oxide surface-treated with an aluminum compound than
in the case of using titanium oxide surface-treated with an
organosilicon compound or an organic compound in addition
to surface treatment with an aluminum compound and a silica
compound. This is presumably because the titanium oxide
surface-treated only with an aluminum compound as the
component (F) has better dispersibility in the curable resin
composition.

(Light Reflectance at Wavelength of 470 nm)

The light reflectance at a wavelength of 470 nm of the
prepared test pieces was measured using a spectrophotometer
equipped with an integrating sphere (produced by JASCO
Corporation; UV-visible spectrophotometer V-560). The
reflectance was measured using a Spectralon plate produced
by Labsphere, Inc., as the standard plate. Table 6 shows the
measurement results.

Examples 12 to 18
Components were mixed in the proportions shown in
Tables 7 and 8 to prepare the curable resin compositions of the
present invention.

Measurement Example 1

The curable resin composition (0.5 g) was sandwiched
between a SUS 304 plate (cold-rolled stainless steel, pro-
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duced by Taiyu Kizai Co., Ltd., 25x70x0.15 mm) masked
with a PET film (25x30x0.15 mm) and a polyimide tape, and
a SUS 304 plate (25x50x0.15 mm) formed into a L.-shape and
having punched holes, and then pressed at 5 MPa for 10
seconds at room temperature. The resulting product was com-
pressed and cured under a load of 5 kg for five minutes on a
hot plate heated at 170° C. Then, the peel strength of the resin
was measured as follows: while the resulting cured molded
article was placed on a hot plate heated at 170° C., the SUS
304 plate of the SUS plate test sample was peeled at a rate of
5 mm/s with one end of the SUS 304 plate held fixed, using a
push-pull gauge (DS2-20N: IMADA) attached to the L-bent
SUS 304 plate, thereby the peel strength was measured. Fur-
thermore, the conditions of the peeled surface were observed,
and breakage of the resin itself was evaluated as cohesive
failure (CF), and clean peeling of the resin from both SUS
plates was evaluated as interfacial delamination (AF).

TABLE 7
Example 12 Example 13
wt % wt %
Composition Composition A 3.4 33
Composition B 3.8 3.7
Component (F) Titanium oxide (PC-3(V) 27.8 27.3
Component (E) MSR-3500? 61.1 60.0
Component (D) PDV-2331® 3.8 3.7
Component (G) Calcium stearate” 0.2 2.0
Peel force (kg/25 mm) 0.12 0.18
Failure mode Interfacial Interfacial
delamination  delamination
(AF) (AF)
Mold releasability good good

(l)produced by Ishihara Sangyo Kaisha, Ltd.

(Z)produced by Tatsumori Ltd.

(S)produced by Gelest, Linear methyl phenyl silicone containing a vinyl group at both
terminals (The amount of phenyl groups is mol % of the total substituents.)
(4)pr0duced by Wako Pure Chemical Industries

As shown in Table 7, the curable resin compositions of the
present invention can provide materials which are excellent in
mold releasability.

(Preparation of MAP (Mold Array Package)-Type Reflector
with Lead Frame)

MAP-type reflectors with lead frames were prepared using
the curable resin compositions of Examples 14 to 18 shown in
Table 8 according to the following method.

An Ag-plated copper lead frame having a size of 50 mm in
length, 55 mm in width, and 0.25 mm in thickness is prepared.
The MAP after molding includes a total of 180 pieces of
reflectors with vertical 15 rows and horizontal 12 rows. In
each reflector, the upper surface has ¢ 2.1 mm, the bottom
surface has ¢ 1.8 mm (taper angle: 15°), and the height is 0.55
mm, and an electrode slit having a width of 0.20 mm formed
of' a white compound obtained by curing the curable resin
composition of the present invention is vertically provided at
a position 0.45 mm from the right side along the horizontal
diameter. A space between the reflectors is 1.1 mm in both of
the longitudinal and lateral diameter directions. The lead
frame and die are not particularly limited as long as a reflector
with a lead frame satisfying the above requirements can be
prepared. The form of this molded article is referred to as
3030MAP type.

The transfer molding was performed using a C-Line
manual press produced by Apic Yamada Corporation. The
mold clamping force was 30 ton. The injection pressure and
the injection rate were set to the values shown in Table 8. An
amount of 5.0 g of a white compound was weighed out,
formed into a cylindrical shape, loaded in a cylinder, and
molded while the surface of the mold was sprayed with a
fluorine mold release agent (spray type) (produced by Daikin
Industries, Ltd.; Daifree-GA-7500). The molding conditions
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were a temperature of 170° C. and a time of 3 minutes. The
molded product was subjected to post-curing at 180° C. for
one hour.
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to the degree of warpage, the MAP product was placed on a
flat surface, and the largest distance (mm) among the dis-
tances from the surface to four distant sides was quantified.

TABLE 8
Example 14 Example 15 Example 16 Example 17 Example 18
Composition Composition A (wt %) 2.7 2.7 2.7 2.7 2.7
Composition B (wt %) 3.1 3.1 3.1 3.1 31
Component (F) Titanium oxide (PC-3)(wt %) 63.7 63.7 63.7 63.7 63.7
Component (E) MSR-2212-TN©(wt %) 27.3 27.3 27.3 27.3 27.3
Component (D) PDV-2331(wt %) 3.1 3.1 3.1 3.1 31
Component (G) Calcium stearate (wt %) 0.2 0.2 0 0 0
Compound amount (g) 55 5.5 55 55 55
Molding conditions Injection pressure (Mpa) 7.9 7.7 7.7 12 12
Injection rate (mm/s) 3 3 3 6 12
Curing conditions Temperature (° C.) 170 170 170 170 170
Time (min) 3 3 3 3 3
Post-curing conditions Temperature (° C.) 180 180 180 180 180
Time (min) 60 60 60 60 60
Filling rate % 100 100 80 95 98
‘Warpage Obverse warpage or reverse None None Reverse Reverse Reverse
warpage (mm) warpage 0.5 warpage 0.5 warpage 0.5
(G)produced by Tatsumori Ltd.
As shown in Table 8, in molding of the 3030MAP, the Examples 19 to 22
systems in which calcium stearate was added showed more -5
favorable MAP filling property, and provided high quality Components in Table 9 were mixed to provide curable resin
products with almost no warpage. In contrast, the systemsin ~ compositions according to the present invention. If the result-
which calcium stear ate, was not addeq showe.d poor filling ing curable resin composition was in a paste form, it was
property, and also provided molded articles with observable . .. . . ..
5o homogenized by mixing and kneading with a stirring rod. In

warpage. Accordingly, it was found that the addition of the
component (G) not only improves the mold releasability as
illustrated in Table 7, but also contributes to better resin-
filling property, thereby reducing warpage of the molded
article.

the case of a clay form, it was homogenized by repetition of
flattening with a round bar-shaped jig, folding and then flat-
tening again. In the case of a flake or powder form, it was
homogenized by grinding in a mortar.

TABLE 9
Example 19 Example 20 Example 21 Example 22
wt% vol% wt% vol% wt% vol% wt% vol%
Components Composition D 525 114 6.08 13.9 656 11.4 527 114
@+®B)+©
Component (D) PDV-2331 2.81 7.1 3.26 8.6 3.51 7.1 2.82 7.1
Component (E) MSR-2212-TN 5823  66.1 47.90 57.0 7278 66.1 5841 66.1
Component (F) Zinc oxide (#1)® 3351 15.0 4256 20.0
Boron nitride (MBN-010T)> 1695 15.0
Barium titanate (BT-HP9DX)® 3331 150
Component (G) Calcium stearate 0.20 0.4 0.20 0.5 0.20 0.4 0.20 0.4
Initial reflectance (%) at 470 nm 92 94 90 91
Reflectance after durability test (%) at 470 nm
180°C. 20 h 92 93 89 89
85° C./85% RH 92 94 90 91
Metaling (50 MI) 94 93 88 90

")produced by Sakai Chemical Industry Co., Ltd.; average particle size: 0.6 pm
b)produced by Mitsui Chemicals, Inc.; average particle size: | pm
C)produced by KCM Corporation Co., Ltd.; average particle size: 0.662 pm

(Filling Rate)
The filling rate was determined by evaluating the ratio of

unfilled area, with the filling rate of the compound resin fully
filled in a molding part being regarded as 100%.

(Evaluation of Warpage)

The MAP product was placed on a flat surface with the
molded part up. Warpage of the MAP product was defined as
obverse warpage when the molded part seen from a right
lateral direction was in a concave shape, and defined as
reverse warpage when it was in a convex shape. With respect
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(Preparation of Samples)

The curable resin compositions in Table 9 were press-
molded at 170° C. for 3 minutes using a stainless steel
(SUS304) rectangular mold with an inner size of 80 mmx50
mm and a thickness of 0.5 mm, and a PET film as a mold
release film. The prepared rectangular plate-shaped press-
molded articles were post-cured in an oven at 180° C. for one
hour. The resulting products were cut into a size of 50 mmx25
mm to give samples for evaluation.

As a durability test, a thermal resistance test, a light resis-
tance test, and a constant temperature and humidity test were
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performed by the below-mentioned methods. Here, the light
reflectance at a wavelength of 470 nm of each sample was
measured before the durability test, and the measured value
was defined as initial reflectance.

(Thermal Resistance Test)

The samples prepared as above were aged for 20 hoursin a
convection oven (in the air) whose temperature was set to
180° C. Thereafter, the light reflectance at a wavelength of
470 nm of the aged samples was measured.

(Light Resistance Lest: Metaling)

A metaling weather meter (Type “M6T”) produced by
Suga Test Instruments Co., Ltd. was used. The samples pre-
pared as above were irradiated at a black panel temperature of
120° C. and an irradiance of 0.53 kW/m? until the integrated
irradiance reached 50 MJ/m?. Thereafter, the light reflectance
at a wavelength of 470 nm of the samples was measured.
(Constant Temperature and Humidity Test: 85° C./85% RH)

A constant low temperature/humidity chamber (LLH43-
13M) produced by Nagano Science Co., Ltd. was used. The
samples prepared as above were aged for 90 hours at a tem-
perature of 85° C. and a humidity of 85% RH. Thereafter, the
light reflectance at a wavelength of 470 nm of the aged
samples was measured.

(Light Reflectance at Wavelength of 470 nm)

The light reflectance at a wavelength of 470 nm of the
samples before and after the durability test was measured
using a spectrophotometer equipped with an integrating
sphere (produced by JASCO Corporation; UV-visible spec-
trophotometer V-560). The reflectance was measured using a
Spectralon plate produced by Labsphere, Inc., as the standard
plate. Table 9 shows the measurement results.

The invention claimed is:

1. A curable resin composition comprising, as essential
components,

(A) an organic compound having at least two carbon-car-
bon double bonds reactive with SiH groups per molecule
which is free of any siloxane (Si—O—Si) units, or,
reaction products of one or more kinds of compounds
selected from the organic compounds having at least two
carbon-carbon double bonds reactive with SiH groups
per molecule which are free of any siloxane (Si—O—
Si) units, with a compound containing a SiH group,

(B) a compound containing at least two SiH groups per
molecule,

(C) a hydrosilylation catalyst,

(D) assilicone compound having at least one carbon-carbon
double bond reactive with a SiH group per molecule,

(E) an inorganic filler, and

(F) a white pigment,

wherein the component (E) and the component (F) are
contained in a total amount of 70% to 95% by weight,

and wherein the ratio of the number (Y) of SiH groups in a
total amount of the component (B) within the composi-
tion to the number (X) of carbon-carbon double bonds in
a total amount of the component (A) within the compo-
sition is 3=Y/X=0.3.

2. The curable resin composition according to claim 1,

wherein the component (D) is a linear polysiloxane con-
taining a vinyl group at a terminal thereof.

3. The curable resin composition according to claim 1,

wherein the component (D) has a weight average molecu-
lar weight of at least 1,000 but not more than 1,000,000.

4. The curable resin composition according to claim 1,

wherein the component (E) is spherical silica.

5. The curable resin composition according to claim 1,

wherein the component (F) has an average particle size of
1.0 um or less.
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6. The curable resin composition according to claim 1,

wherein the component (F) is titanium oxide.

7. The curable resin composition according to claim 6,

wherein the component (F) is titanium oxide that is sur-

face-treated with an organosiloxane.

8. The curable resin composition according to claim 6,

wherein the component (F) is titanium oxide that is sur-

face-treated with an inorganic compound.

9. The curable resin composition according to claim 8,

wherein the component (F) is surface-treated with an alu-

minum compound.

10. The curable resin composition according to claim 1,

wherein the component (F) is at least one selected from the

group consisting of zinc oxide, zirconium oxide, stron-
tium oxide, niobium oxide, boron nitride, barium titan-
ate, and barium sulfate.

11. The curable resin composition according to claim 1,
further comprising

(G) a metal soap.

12. The curable resin composition according to claim 11,

wherein the component (G) is a metal stearate.

13. The curable resin composition according to claim 12,

wherein the component (G) is at least one selected from the

group consisting of calcium stearate, magnesium stear-
ate, zinc stearate, and aluminum stearate.

14. The curable resin composition according to claim 11,

wherein the component (G) is contained in an amount of

0.01% to 5% by weight of the whole curable resin com-
position.

15. The curable resin composition according to claim 1,

wherein the component (D) is contained in an amount of

30% by weight or more of the total weight of the com-
ponent (A) and the component (B).

16. The curable resin composition according to claim 1,

wherein the component (E) is contained in a total amount

of 70% by weight or more of the whole curable resin
composition.

17. The curable resin composition according to claim 1,

wherein the component (F) is contained in an amount of

10% by weight or more of the whole curable resin com-
position.

18. The curable resin composition according to claim 1,

wherein a cured product of the curable resin composition

has a spectral reflectance of 80R % or more at 420 nm,
440 nm, and 460 nm, and has a spectral reflectance
retention rate ([spectral reflectance after thermal resis-
tance test]/[initial spectral reflectance]x100) of 90% or
more after a thermal resistance test at a temperature of
180° C. for 72 hours.

19. The curable resin composition according to claim 1,

wherein a surface of a molded article formed by curing the

curable resin composition has a light reflectance at a
wavelength of 470 nm of 90% or more.

20. The curable resin composition according to claim 1,

wherein when the curable resin composition is molded on

one surface of a lead frame for light-emitting diodes to
form apackage, a warpage of the package is at most +1.0
mm.

21. A curable resin composition tablet comprising the cur-
able resin composition according to claim 1 that comprises
(F) a white pigment as an essential component,

wherein at least one of the component (A) and the compo-

nent (B) is a liquid having a viscosity of at most 50 Pa-s
at a temperature of 23° C., and

particles having a size of 12 pm or less account for 40% by

volume or more of the total of the component (E) and the
component (F).
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22. A molded article formed by curing the curable resin
composition according to claim 1,

wherein a surface of the molded article has a light reflec-

tance at a wavelength of 470 nm of 90% or more.

23. The curable resin composition according to claim 1, for
use in a semiconductor package.

24. A semiconductor package formed by molding the cur-
able resin composition according to claim 23.

25. The semiconductor package according to claim 24,

wherein the curable resin composition and a lead frame are

integrally molded by transfer molding.

26. The semiconductor package according to claim 24,

wherein the semiconductor package substantially com-

prises a metal and a resin formed on one surface of the
metal.

27. A semiconductor component comprising the semicon-
ductor package according to claim 24.

28. A light-emitting diode comprising the semiconductor
package according to claim 24.

29. A semiconductor package formed by integrally mold-
ing the curable resin composition according to claim 23 and a
metal.

30. A semiconductor package formed by transfer molding
the curable resin composition according to claim 23.

#* #* #* #* #*
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